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Microcontrollers from Philips Semiconductors 

Philips Semiconductors supplies a wide range of microcontrollers based on 
mainstream architectures. By offering a large variety of product derivatives, Philips 
Semiconductors can meet a broad range of specific or unique application 
requirements. All of our microcontrollers are based on mainstream architectures to 
allow the user to take advantage of existing software and a vast array of third-party 
support. 

Philips Semiconductors 8-bit microcontrollers are based on the popular 80C51 
architecture. We offer most of the industry standard products in this architecture as 
well as a large selection of powerful derivative products. These derivatives offer a 
wide assortment of features, including: additional memory, A/D, PWM, additional 
timers, and many more. Many of the derivative microcontrollers have an PC serial 
interface that allows them to be connected easily to over 70 other parts, increasing 
their capabilities even further. The PC serial bus is covered in Section 2 of this 
book. Philips Semiconductors also offers the Controller Area Network (CAN) serial 
bus for automotive and industrial applications. This standard, developed by Bosch, 
offers high noise immunity and error correction for automotive and industrial 
environments. The CAN serial bus Is covered in Section 5 of this book. The Low 
Power 80CL51 Family of derivatives may be found in Section 4. These devices 
operate over the wide voltage range of 1.8 - 6.0 volts and are ideal for portable and 
battery operations. This data book covers the 80C51 standard products and 
derivatives that Philips Semiconductors manufactures. 

Philips Semiconductors 16-blt microcontroller family is based on the 68000 
architecture. While these are called 1 6-bit microcontrollers, the 68000 CPU core 
architecture is 32-bit. This offers the user a great deal more processing power, 
when the need arises in a design to move from an 8-bit to a 16-bit microcontroller. 
Philips Semiconductors 16-bit microcontrollers are software compatible with 
existing 68000 code. As with our popular 8-bit microcontrollers, EPROM and OTP 
versions of our 16-bit products are available. The 16-bit microcontrollers are also 
covered in a separate data book. 

Philips Semiconductors is developing a family of 32-bit microcontrollers based on 
the SPARC RISC architecture. This family of microcontrollers will offer the ultimate 
in processing power for those applications that are computation intensive in an 
embedded control environment. 

Philips Semiconductors offers uncompromising quality, service, and support with all 
of its microcontroller products. For a complete family and the best in microcontroller 
products, look to Philips Semiconductors. 
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DEFINITIONS 


Data Sheet 
Identification 

Product Status 

i 

Definition 

Objective Specification 

Formative or in Design 

This data sheet contains the design target or goal specifications for 
product development. Specifications may change in any manner 
without notice. 

Preliminary Specification 

Preproduction Product 

This data sheet contains preliminary data, and supplementary data 
will be published at a later date. Philips Semiconductors reserves the 
right to make changes at any time without notice in order to improve 
design and supply the best possbie product. 

Product Specification 

Full Production 

This data sheet contains Final Specifications. Philips 
Semiconductors reserves the right to make changes at any time 
without notice, in order to improve design and supply the best 
possible product. 
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Ordering Information 


MICROCONTROLLER PRODUCTS 


Example: 


P8XCXXXEBPN 

T ^ TTT^ 


0 = ROMLESS - 
3 = ROM 
7 = EPROM/OTP 


Exceptions: 

P80C32 = ROMIess 
P80C52 = ROM 


This can be 2 or 3 digits 


Philips North American Package Code 
A = Plastic Leaded Chip Carrier (PLCC) 

B = Quad Flat Pack (QFP) 

FA = Hermetic Cerdip (window) 

KA = CerQuad (window) 

N = Plastic Dual In-Line 

Philips Package Code 

A = Plastic Leaded Chip Carrier (PLCC) 

B = Quad Flat Pack (QFP) 

F = Hermetic Cerdip (window) 

L = Cerquad (window) 

P = Plastic Dual In-Line 

LA = Ceramic Leaded Chip Carrier (window) 

Temperature 

B = 0°C to +70°C 
F = -40°C to +85°C 
H = 40^ to +125'’C 

Speed 

E = 16MHz 
G = 20MHz 
I = 24MHz 


Example: SC8XCXXXBCCN40 

T- Pin Count 
Package Code 

A = Plastic Leaded Chip Carrier (PLCC) 
B = Quad Flat Pack (QFP) 

FA = Hermetic Cerdip (window) 

KA= CerQuad (window) 

N = Plastic Dual In-Line 

Speed 

B = 0.5to 12MHz 
C = 12MHz 
G = 16MHz 
L = 20MHz 
P - 24MHz 
Y = 33MHz 

Temperature 

C = Commercial 0°C to +70°C 
A = Industrial -40°C to +85°C 

Revision (optional) 




0 = ROMLESS — 

3 = ROM 
7 = EPROM/OTP 

Exceptions: 

SC80C31 = ROMIess 
SC80C51 - ROM 


Tkilc- /-on kn O nr O _ 


Example: 


S 8 X CXXX -1 N 24 

I TTI 


0 = ROMLESS _ 
3 = ROM 
7 = EPROM/OTP 


Pin Count 
Package Code 

A = Plastic Leaded Chip Carrier (PLCC) 
B = Quad Flat Pack (QFP) 

F = Ceramic Dual In-Line 
K = CerQuad 
N = Plastic Dual In-Line 

Speed / Temperature Range 
-1 = 12MHz. 0°Cto+70°C 
-2 = 12MHz. -40°C to +85°C 
-3 = 0.5 to 1 2MHz, 0°C to +70°C 
-4 = 16MHz. 0°C to +70“C 
-5= 16MHz. -40°Cto+85°C 
-6 = 12 or 16MHz, -55°C to +85°C 
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80C51 microcontroller family features guide 


Part Number I Program Security I Clock Frequency 
(ROMIess) I Available? | (MHz) 



83C592 (80C592) 
87C592 


83C528 (80C528) 


87C528 


1) Oscillator options start from 32kH2. 


2) Also available in VSO40 package. 


3) Also available in VS056 Package. 
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80C51 microcontroller family features guide 


I/O Serial 
Ports Interfaces 


External 

Interrupts 


2 



Comments/ 
Special Features 


Lowest cost, 24-pin Skinny DIP 


Low-Cost 24-pln Skinny DIP 


Low-Cost 24-pin Skinny DIP 


5 Channel 8-bit A/D, PWM Output 


5 Channel 8-bit A/D, PWM Output 

NMOS 


CMOS 


CMOS 


Low Voltage (1.8V to 6V), Low Power 


Low Voltage (1.8V to 6V), Low Power 


Extended I/O, Processor Bus Interface 


Extended I/O, Processor Bus Interface 


8 Channel 8-bit A/D 


8 Channel 8-bit A/D 


256 Bytes EEPROM, 
80C51 Pin-for-Pin Compatible 


Smartcard Controller with 2K EEPROM 
(Data, Code) Cryptograhpic Calc Unit 


4 Channel 8-bit A/D, PWM Output, 

Low Voltage (2.5V to 6V), Low Power 
PCA with capture, compare, and PWM functions 


NMOS 


80C51 Pin Compatible with Twice the 
Memory and 3rd timer. 


(see above) 


Low Voltage (1.8V to 6V), Low Power 
80C51 Pin Compatible with Twice 
Memory and 12C 


(see above) 


High Reliability, with Low Voltage Detect, 
Osc Fail Detect, Analog Comparators, PCA 


(see above) 


8 Channel 10-bit A/D. 2 PWM Outputs, 
Capture/Compare Timer 


(see above) 


8 Channel 8-bit A/D, 2 PWM Outputs, 

Capture/Compare Timer 

On-Screen Display, 9 PWM Outputs. 

3 Software /VD Inputs 


(see above) 


(see above) 


(see above, extra RAM added) 


80C51 Pin Compatible with 4X Program 
Memory, 256 RAM, and I2C 


(see above) 


83C654 with Reduced 
Electro Magnetic Interference (EMI) 


Low Voltage (1.8V to 6V), Low Power 


512 RAM 


CAN Bus Controller with 8 x 10-bit /vD, 

2 PWM outputs, Capture/Compare Timer 


(see above) 


Large Memory for High Level Languages 


Large Memory for High Level Languages 


Note: all combinations of part type, speed, temperature, and package may not be available. 
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Philips Semiconductors Microcontroller Products 


Product specification 


Single-chip 8-bit microcontroller 


8031 AH/8051 AH 


PIN DESCRIPTIONS 



PIN NO. 



MNEMONIC 

DIP 

LCC 

TYPE 

NAME AND FUNCTION 

Vss 

20 

22 

1 

Ground; OV reference. 

Vcc 

40 

44 

1 

Power Supply: This is the power supply voltage for normal, idle, and power-down operation. 

PO.0-0.7 

39^2 

43-36 

I/O 

Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1s written to them float 
and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order address and 
data bus during accesses to external program and data memory. In this application, it uses strong 
internal pull-ups when emitting Is. 

P1.0-P1.7 

1-^ 

2-9 

I/O 

Port 1 : Port 1 is an 8-blt bidirectional I/O port with internal pull-ups. Port 1 pins that have Is written 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 1 pins 
that are externally pulled low will source current because of the internal pull-ups. (See DC 

Electrical Characteristics: Iil). 

P2.0-P2.7 

21-28 

24-31 

I/O 

Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 1s written 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, F)ort 2 pins 
that are externally being pulled low will source current because of the internal pull-ups. (See DC 
Electrical Characteristics: I it). Port 2 emits the high-order address byte during fetches from 
external program memory and during accesses to external data memory that use 1 6-blt addresses 
(MOVX @DPTR). In this application, it uses strong internal pull-ups when emitting Is. During 
accesses to external data memory that use 8-bit addresses (MOV <a>Ri), port 2 emits the contents 
of the P2 special function register. 

P3.0-P3.7 

10-17 

11. 

13-19 

I/O 

Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have Is written 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins 
that are externally being pulled low will source current because of the pull-ups. (See DC Electrical 
Characteristics: Iil). Port 3 also serves the special features of the 80C51 family, as listed below: 


10 

11 

1 

RxD (P3.0): Serial input port 


11 

13 

O 

TxD (P3.1): Serial output port 


12 

14 

1 

Into (P3.2): External interrupt 


13 

15 

1 

INTI (P3.3): External interrupt 


14 

16 

1 

TO (P3.4): Timer 0 external input 


15 

17 

1 

T1 (P3.5): Timer 1 external Input 


16 

18 

O 

WR (P3.6): External data memory write strobe 


17 

19 

O 

RU (P3.7): External data memory read strobe 

RST 

9 

10 

1 

Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. 

An internal diffused resistor to Vss permits a power-on reset using only an external capacitor to 

Vcc- 

ALE 

30 

33 

I/O 

Address Latch Enable: Output pulse for latching the low byte of the address during an access to 
external memory. In normal operation, ALE is emitted at a constant rate of 1/6 the oscillator 
frequency, and can be used for external timing or clocking. Note that one ALE pulse is skipped 
during each access to external data memory. 

PSER 

29 

32 

o 

Program Store Enable: The read strobe to external program memory. When the device is 
executing code from the external program memory. PSEN is activated twice each machine cycle, 
except that two PSEN activations are skipped during each access to external data memory. PSEN 
is not activated during fetches from internal program memory. 

EA 

31 

35 

1 

External Access Enable; EA must be externally held low to enable the device to fetch code from 
external program memory locations OOOOH to OFFFH. If EA is held high, the device executes from 
internal program memory unless the program counter contains an address greater than OFFFH. 

mBM 

19 

21 

1 

Crystal 1 : Input to the inverting oscillator amplifier. 

mM 

18 

20 

o 

Crystal 2: Output from the inverting oscillator amplifier and input to the internal clock generator 
circuits. 


OSCILLATOR 

CHARACTERISTICS 

XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol. 


To drive the device from an external clock 
source, XTAL2 should be driven while XTAL1 
is connected to ground. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 


high and low times specified in the data sheet 
must be observed. 

DESIGN CONSIDERATIONS 

At power-on, the voltage on Vcc and RST 
should come up at the same time for a proper 
start-up. 
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8031 AH/8051 AH 
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Single-chip 8-bit microcontroller 


8031 AH/8051 AH 


PART NUMBER SELECTION 


PHILIPS 

PHILIPS NORTH AMERICA 

TEMPERATURE °C 
AND PACKAGE 

FREQ. 

MHz 

NUMBER 

DRAWING 

ROMIess 

ROM 

ROMIess 

ROM 

MAF8031AH2-12P 

MAF8051AH-2P 

SCN8031HACN40 

SCN8051HACN40 

-40 to +85, Plastic Dual 
In-Line Package 

12 

041 5C 

MAB8031AH2-12P 

MAB8051AH-2P 

SCN8031HCCN40 

SCN8051HCCN40 

0 to +70, Plastic Dual 
In-Line Package 

12 

041 5C 



SCN8031HCFN40 

SCN8051HCFN40 

0 to +70, Plastic Dual 
In-Line Package 

15 

041 5C 



SCN8031HAFN40 

SCN8051HAFN40 

-40 to +85, Plastic Dual 
In-Line Package 

15 

041 5C 

MAB8031AH2-12WP 

MAB8051AH-2WP 

SCN8031HCCA44 

SCN8051HCCA44 

0 to +70, Plastic Leaded 
Chip Carrier 

12 

0403G 

MAF8031AH2-12WP 

MAF8051AH-2WP 

SCN8031HACA44 

SCN8051HACA44 

-40 to +85, Plastic 
Leaded Chip Carrier 

12 

0403G 



SCN8031HCFA44 

SCN8051HCFA44 

0 to +70, Plastic Leaded 
Chip Carrier 

15 

0403G 



SCN8031HAFA44 

SCN8051HAFA44 

-40 to +85, Plastic 
Leaded Chip Carrier 

15 

0403G 


LOGIC SYMBOL 
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Product specification 


Single-chip 8-bit microcontroller 


8031 AH/8051 AH 


DESCRIPTION 


FEATURES 


PIN CONFIGURATIONS 


The Philips 8031 AH/8051AH is a 
high-performance microcontroller fabricated 
with Philips high-density highly reliable +5V. 
depletion-load, N-channel, silicon-gate, N500 
MOS process technology. It provides the 
hardware features, architectural 
enhancements and instructions that are 
necessary to make it a powerful and 
cost-effective controller for applications 
requiring up to 64k bytes of program memory 
and/or up to 64k bytes of data storage. 

The 8051 AH contains a 4k x 8 read-only 
program memory, a 128 x 8 read-only data 
memory, 32 I/O lines, two 16-bit 
counter/timers, a five-source, two-priority 
level nested interrupt structure, a serial I/O 
port for either multi-processor 
communications, I/O expansion or full duplex 
DART, and on-chip oscillator and clock 
circuits. The 8031 AH is identical, except that 
it lacks the program memory. For systems 
that require extra capability, the 8051 AH can 
be expanded using standard TTL compatible 
memories and byte oriented peripheral 
controllers. 

The 8051AH microcontroller, like its 8048 
predecessor, is efficient both as a controller 
and as an arithmetic processor. It has 
extensive facilities for binary and BCD 
arithmetic and excels in bit-handling 
capabilities. Efficient use of program memory 
results from an instruction set consisting of 
44% one-byte, 41% two-byte, and 15% 
three-byte instructions. With a 12 MH 2 crystal, 
58% of the instructions execute in Ips, 40% 
in 2ps and multiply and divide require only 
4ps. 


• Reduced supply current 

• 4k X 8 ROM (8051 AH) 

• 128x8 RAM 

• Four 8-bit ports, 32 I/O lines 

• Two 16-bit timer/event counters 

• High-performance full-duplex serial channel 

• External memory expandable to 128k 

• Boolean processor 

• Industry standard 8051 architecture; 

- Non-paged jumps 

- Direct addressing 

- Four 8-register banks 

- Stack depth up to 1 28-bytes 

- Multiply, divide, subtract, compare 

• Most instructions execute in Ips 

• 4ps multiply and divide 






P1.01T 



Svcc 

P1.1 |T 



^ P0.0/AD0 

P1.2|T 



^ P0.1/AD1 

P 1 . 3 |T 



^ P0.2/AD2 

P1.4 [T 



^ P0.3/AD3 

P1.5 [e 



^ P0.4/AD4 

P1.6 (T 



^ P0.5/AD5 

P1.7 [¥ 



^ P0.6/AD6 

rst[? 



^ P0.7/AD7 

RxD/P3.o[io 

PLASTIC 

DUAL 

^ EA 

TXD/P3.1 

IN-UNE 

PACKAGE 

3 ALE 

INTO/P3.2 



^ P5ER 

INTT/P3.3 [ii 



^ P2.7/A15 

T0/P3.4 [u 



^ P2.6/A14 

T1/P3.5 



^ P2.5/A13 

WR/Pa6[i6 



^ P2.4/A12 

RD/P3.7[i7 



^ P2.3/A11 

XTAL2 



^ P2.2/A10 

XTAL1 1^ 



^ P2.1/A9 

vss 1^ 



^ P2.0/A8 


6 

1 40 



n 

n n 


7C 

r 


3 39 


PLASTIC 

LEADED 



CHIP 


17 C 

CARRIER 

3 29 



nr 



18 

28 


Pin Function 

Pin 

Function 

1 Pin Function 

1 NC 

15 

1NTT/P3.3 30 P2.6/A14 

2 P1.0 

16 

T0/P3.4 

31 P2.7/A15 

3 P1.1 

17 

T1/P3.5 

32 P5EM 

4 P1.2 

18 

WR/P3.6 

33 ALE 

5 P1.3 

19 

RD/P3.7 

34 NC 

6 P1.4 

20 

XTAL2 

35 EA 

7 P1.5 

21 

XTAL1 

36 P0.7/AD7 

8 P1.6 

22 


37 P0.6/AD6 

9 P1.7 

23 

NC 

38 P0.5/AD5 

10 RST 

24 

P2.0/A8 

39 P0.4/AD4 

11 RXD/P3.0 

25 

P2.1/A9 

40 P0.3/AD3 

12 NC 

26 

P2.2/A10 4‘1 P0.2/AD2 

13 TXD/P3.1 

27 

P2.3/Ar 

42 P0.1/AD1 

14 TNTO/P3.2 

28 

P2.4/A12 43 PO.O/ADO 


29 

P2.5/A13 44 Vcc 
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Table 2. Serial Codes 


OPERATION 

SERIAL CODE 

P0.1 (PGM/) 

P0.2(Vpp) 

Program user EPROM 

296H 

-* 

Vpp 

Verify user EPROM 

296H 

VlH 

VlH 

Program key EPROM 

292H 

-* 

Vpp 

Verify key EPROM 

292H 

VlH 

V,H 

Program security bit 1 

29AH 

_* 

Vpp 

Program security bit 2 

298H 

-* 

Vpp 

Verify security bits 

29AH 

VlH 

VlH 

Read signature bytes 

294H 

VlH 

VlH 


NOTE: 

* Pulsed from Vih to V|l and returned to V|h. 


Program Verification 

The EPROM array can be verified by placing 
the part in the programming mode as 
described above and forcing the Vpp pin to 
the Vqh level. Four machine cycles after 
addressing a location the contents of the 
addressed location will appear on Port 1 . 

87C751 and 87C752 Signature Bytes 

The signature bytes for the 87C751 and 
87C752 are read differently and are In 
different locations than those on the 87C51 . 
Due to its reduced pin count, the part has to 
be put into “Signature Byte Read Mode" by 


placing a 10-bit serial data stream on the 
Reset pin. The proper code and the 
conditions of P0.1 and P0.2, for this mode, 
are shown in Table 2. 

Once the part has been placed into the 
Signature Byte Read Mode, the signature 
bytes can be read by the same procedure as 
a normal verification of locations 01 EH and 
01 FH. The values are: 

01 EH = 15H indicates the part is made by 
Philips 

01 FH = 91H-87C751 
01 FH = 95H-87C752 


Programming Features 

The 87C751 has all of the special 
programming features incorporated within its 
EPROM array that the 87C51 has. It has an 
encryption key table and two security bits 
(lock bits). These function exactly as they do 
in the 87C51 . They are programmed or 
verified by sending the proper code over the 
RESET pin (see Table 2) and then following 
the 87C751 programming procedure as 
described previously. 

Erasure Characteristics 

The erasure procedure is exactly the same 

as that described for the 87C51 . 
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EPROM Erasure 

Erasure of the EPROM occurs when the chip 
is exposed to light with wavelengths shorter 
tiian 4000 angstroms. Sunlight and 
fluorescent lighting have wavelengths in this 
range, so exposure to these light sources 
over an extended period of time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. It is recommended, for this reason, 
that an opaque label be placed over the 
window. If the part is subject to elevated 
temperatures or an environment where 
solvents are used, Kapton tape (Fluorglas 
part number 2345-5 or its equivalent) can be 
used. 

The recommended erasure procedure Is to 
expose the chip to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/cm2. Exposing the EPROM to an 
ultraviolet lamp of 12,000pW/cm^ rating for 
20 to 40 minutes, at a distance of 1 Inch, is 
adequate. 

Programming the 87C751 and 
87C752 

The 87C751 and 87C752 are programmed 
using a Quick-pulse programming algorithm 
that is similar to that used for the 87C51 . It 
differs from the 87C51 in that a serial data 


stream is used to place the 87C751 in the 
programming mode. 

Figure 3 shows a block diagram of the 
programming configuration for the 87C751 . 
Port pin P0.2 is used for the programming 
voltage supply input (Vpp signal). Port pin 
P0.1 is used for the program (PGM) signal. 

Port 3 accepts the address input for the 
EPROM location to be programmed. Both the 
high and low components of the eleven-bit 
address are presented to the part through 
port 3. Multiplexing of the address 
components is performed using ASEL (PO.O). 

Port 1 Is used as a bidirectional data bus 
during programming and verify operations. 
During the programming mode, it accepts the 
byte to be programmed. In the verify mode, it 
returns the contents of the specified address 
location. 

The X1 pin is the oscillator input and receives 
the master system clock. This clock should 
be between 1.2 and 6MHz. 

The RESET pin is used to accept the serial 
data stream that places the 87C751 into 
various programming modes. This pattern 
consists of a 10-bit code with the LSB send 
first. Each bit is synchronized to the clock 
input XI. 


To program the 87C751 the part must be put 
into the programming mode by presenting the 
proper serial code (see Table 2) to the 
RESET pin. To do this RESET should be held 
high for at least two machine cycles. Port 
pins P0.1 and P0.2 will be at VOH as a result 
of this, but they must be driven high prior to 
sending the serial data stream on the RESET 
pin. The serial data bits can now be 
transmitted over the RESET pin placing the 
87C751 into one of the programming modes. 
Following the transmission of the last data bit, 
the reset pin should be held low. 

Next the address information for the location 
to be programmed is placed on Port 3 and 
ASEL is used to perform the address 
multiplexing. ASEL should be driven high and 
then Port 3 driven with the high-order address 
bits. ASEL is then driven low, latching the 
high-order bits internally. Port 3 can now be 
driven with the low 8 bits of the address, 
completing the addressing of the location to 
be programmed. 

A high-voltage Vpp level is now applied to the 
Vpp input. This sets Port 1 as an input port. 
The data to be programmed to the EPROM 
array should be placed on Port 1 . A series of 
25 programming pulses is now applied to the 
PGM pin (P0.1 ) to program the addressed 
EPROM location. 
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Table 1 . EPROM Programming Modes 


MODE 

RST 

PSEN 

ALE/PRDG 

EA/Vpp 

P2.7 

P2.6 

P3.7 

P3.6 

Read signature 

1 

0 

1 

1 

0 

0 

0 

0 

Program code data 

1 

0 

0* 

Vpp 

1 

0 

1 

1 

Verify code data 

1 

0 

1 

1 

0 

0 

1 

1 

Pgm encryption table 

1 

0 

0* 

Vpp 

1 

0 

1 

0 

Pgm lock bit 1 

1 

0 

0* 

Vpp 

1 

1 

1 

1 

Pgm lock bit 2 

1 

0 

0* 

Vpp 

1 

1 

0 

0 


NOTES: 

1 . “0" = valid low for that pin, “1 ” = valid high for that pin. 

2. Vpp = 12.75 +0.25V. 

3. Vcc = 5V ±10% during programming and verification. 

* ALE/PROG receives 25 programming pulses while Vpp is held at 1 2.75V. Each programming pulse is low for 100ms (±10ps) and high for a 
minimum of lOps. 



0 (ENABLE) 


Program Verification 

If lock bit 2 has not been programmed the 
on-chip program memory can be read out for 
program verification. To verify the contents of 
the program memory, the address of the 
location to be read is applied to ports 1 and 2 
as shown in Figure 2. The other pins are held 
at the "Verify Code Data” levels indicated in 
Table 1 . The contents of the addressed 
location will appear on port 0. For this 
operation external pull-ups are required on 
port 0 as shown in Figure 2. Note that if the 
encryption table has been programmed the 
data presented at port 0 will be the exclusive 


NOR of the program byte with a byte from the 
encryption table. 

Signature Bytes 

The 87C51 contains two signature bytes that 
can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C51 manufactured by Philips. 

The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are; 


(030H) = 15H indicates the part is made by 
Philips 


(031 H) = 90H87C451 
92H 87C51 
94H 87C552 
96H 87C550 
97H 87C52 
99H 87C654 
/87C652 
9AH 80C52 


9BH 87C528 
9CH 87C592 
9DH 87C524 
9EH 87C598 
9FH 87C598 
BOH 87C575 
B2H 87C51FB 
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EPROM PRODUCTS 

Most of the 80C51 derivative products offered 
by Philips are supported with an EPROM 
version. Currently available EPROM parts are 
the 87C51 . 87C451 , 87C552, 87C52, 

87C752, and the 87C751. EPROM versions 
of the 87C550. 87C652. 87C654. and 
87C528 are now in development. 

All EPROM products are available in both 
windowed DIP and OTP package 
configurations. The windowed DIP package 
allows the EPROM to be erased under a 
strong UV light source, making program 
development easier and faster. The OTP 
(One Time Programmable) version cannot be 
erased because there is no window through 
which the die could be exposed to UV light. 
While the EPROM can only be programmed 
once In the OTP package, the part costs less 
than in windowed DIP and therefore offers an 
advantage for those not desiring to use the 
masked ROM version of the part. 

The EPROM products are fully supported on 
the industry standard EPROM programmers. 


Programming the 87C51 

The setup for programming the 
microcontroller is shown in Figure 1 . Note 
that the part is running with a 4 to 6 MHz 
oscillator. The clock must be running because 
the device is executing Internal address and 
program data transfers during the 
programming. 

To program the 87C51, the address of the 
EPROM location to be programmed is 
applied to ports 1 and 2 as shown in Figure 1 . 
The code byte to be programmed into this 
location is applied to port 0. RST, PSEN, and 
the pins of ports 2 and 3 specified in Table 1 
are held at the "Program Code Data” levels 
specified In the table. The ALE/PROG is then 
pulsed low 25 times to program the 
addressed location. 

Encryption Table 

The encryption table is a feature of the 
87C51, and its derivatives, that protects the 
code from being easily read by anyone other 
than the programmer. The encryption table is 
1 6 to 64 bytes of code, depending on the 
microcontroller, that are exclusive NORed 
with the program code data as it is read out. 
The first byte Is XNORed with the first 
location read, the second with the second 
read, etc. through the sixteenth byte read. 

The seventeenth byte is XNORed with the 
first byte of the encryption table, the 


eighteenth with the second, etc. and on in 
sixteen-byte groups. 

After the Encryption table has been 
programmed the user has to know its 
contents in order to correctly decode the 
program code data. The encryption table 
itself cannot be read out. 

The encryption table is programmed in the 
same manner as the program memory, but 
using the “Pgm Encryption Table" levels 
specified in Table 1 . After the encryption table 
is programmed, verification cycles will 
produce only encrypted information. 

Lock Bit 

There are two lock bits on the 87C51 that, 
when set, prevent the program data memory 
from being read out or programmed further. 

To program the lock bits, repeat the 
programming sequence using the "Pgm Lock 
Bit" levels specified in Table 1 . 

After the first lock bit is programmed, further 
programming of the code memory or the 
encryption table is disabled. The other lock 
bit can of course still be programmed. With 
only lock bit one programmed, the memory 
can still be read out for program verification. 
After the second lock bit is programmed, it is 
no longer possible to read out (verify) the 
program memory. 
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XRL A,Rn 


Bytes: 1 

Cycles: 1 


Encoding: | 

0 110 

1 r r r 

Operation: 

XRL 

(A)^(A)v(R„) 


XRL A, direct 

Bytes: 

2 


Cycles: 

1 


Encoding: | 

0 110 

0 10 1 

Operation: 

XRL 



(A) <- (A) V (direct) 

XRL A,(S)Ri 


Bytes: 1 

Cycles: 1 


Encoding: | 

0 110 

0 1 1 i 

Operation: 

XRL 

(A)^(A)v(Ri) 


XRL A,#data 

Bytes: 

2 


Cycles: 

1 


Encoding: | 

0 110 

0 10 0 

Operation: 

XRL 



(A) <- (A) V #data 

XRL direct, A 

Bytes: 

2 


Cycles: 

1 


Encoding: | 

0 110 

0 0 10 

Operation: 

XRL 



(direct) <— (direct) v (A) 


direct address 


immediate data 


direct address 


XRL direct,#data 
Bytes: 3 

Cycles: 2 


Encoding: 

Operation: 


0 110 

0 0 11 


direct address 


XRL 

(direct) (direct) v #data 


immediate data 
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XCHD A,@Ri 
Function: 
Description: 


Exampie: 


Bytes: 

Cycles: 

Encoding: 

Operation: 


Exchange Digit 

XCHD exchanges the low-order nibble of the Accumulator (bits 3-0), generally representing a hexadecimal 
or BCD digit, with that of the internal RAM location indirectly addressed by the specified register. The 
high-order nibbles (bits 7-4) of each register are not affected. No flags are affected. 

RO contains the address 20H. The Accumulator holds the value 36H (001 1011 OB). Internal RAM location 
20H holds the value 75H (01110101 B). The instruction, 

XCHD A,@R0 

will leave RAM location 20H holding the value 76H (01 11 011 OB) and 35H (001 101 01 B) in the Accumulator. 
1 
1 


110 10 111 


XCHD 

(A3.0) ^ ((Ris-o)) 


XRL <dest-byte>,<src-byte> 


Function: 

Description: 


Example: 


Logical Exclusive-OR for byte variables 

XRL performs the bitwise logical Exclusive-OR operation between the indicated variables, storing the 
results in the destination. No flags are affected. 

The two operands allow six addressing mode combinations. When the destination is the Accumulator, the 
source can use register, direct, register-indirect, or immediate addressing; when the destination is a direct 
address, the source can be the Accumulator or immediate data. 

{Note: When this instruction is used to modify an output port, the value used as the original port data will 
be read from the output data latch, nof the input pins.) 

If the Accumulator holds 0C3H (11 00001 IB) and register 0 holds OAAH (101 01 01 OB) then the instruction, 
XRL A.RO 

will leave the Accumulator holding the value 69H (011 01 001 B). 

When the destination is a directly addressed byte, this instruction can complement combinations of bits in 
any RAM location or hardware register. The pattern of bits to be complemented is then determined by a 
mask byte, either a constant contained in the instruction or a variable computed in the Accumulator at 
run-time. The instruction, 

XRL PI, #0011 0001 B 

will complement bits 5, 4, and 0 of output Port 1 . 
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SWAP A 
Function 
Description 

Example 

Bytes 
Cycles 

Encoding 
Operation 

XCH A,<byte> 

Function: Exchange Accumulator with byte variable 

Description: XCH loads the Accumulator with the contents of the indicated variable, at the same time writing the original 

Accumulator contents to the indicated variable. The source/destination operand can use register, direct, or 
register-indirect addressing. 

Example: RO contains the address 20H. The Accumulator holds the value 3FH (001 1 11 1 1 B). Internal RAM location 

20H holds the value 75H (01 1 101 01 B). The instruction, 

XCH A,@R0 

will leave the RAM location 20H holding the values 3FH (00111111 B) and 75H (01 1 101 01 B) in the 
Accumulator. 

XCH A,Rn 

Bytes: 

Cycles: 

Encoding: 

Operation: 

XCH A, direct 
Bytes: 

Cycles: 

Encoding: 

Operation: 

XCH A,@Ri 
Bytes: 

Cycles: 

Encoding: 

Operation: 


1 

1 



XCH 

(A) ^((Ri)) 



1 

1 



XCH 

(A) ^(Rn) 


Swap nibbles within the Accumulator 

SWAP A interchanges the low- and high-order nibbles (four-bit fields) of the Accumulator (bits 3-0 and bits 
7-4). The operation can also be thought of as a four-bit rotate instruction. No flags are affected. 

The Accumulator holds the value 0C5H (1 10001 01 B). The instruction, 

SWAP A 

leaves the Accumulator holding the value 5CH (01011100B). 

1 

1 



SWAP 

(A3-0) ^ (A7^) 
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SUBB A, <src-byte> 

Function: Subtract with borrow 


Description: SUBB subtracts the indicated variable and the carry flag together from the Accumulator, leaving the result 

in the Accumulator. SUBB sets the carry (borrow) flag if a borrow is needed for bit 7, and clears C 
otherwise. (If C was set before executing a SUBB instruction, this indicates that a borrow was needed for 
the previous step in a multiple precision subtraction, so the carry is subtracted from the Accumulator along 
with the source operand.) AC is set if a borrow is needed for bit 3, and cleared otherwise. OV is set if a 
borrow is needed into bit 6, but not into bit 7, or into bit 7, but not bit 6. 

When subtracting signed integers OV indicates a negative number produced when a negative value is 
subtracted from a positive value, or a positive result when a positive number is subtracted from a negative 
number. 

The source operand allows four addressing modes: register, direct, register-indirect, or immediate. 

Example: The Accumulator holds 0C9H (1 1001 001 B), register 2 holds 54H (01010100B), and the carry flag is set. 

The instruction, 

SUBB A,R2 

will leave the value 74H (01110100B) in the Accumulator, with the carry flag and AC cleared but OV set. 

Notice that 0C9H minus 54H is 75H The difference between this and the above result is due to the carry 
(borrow) flag being set before the operation. If the state of the carry is not known before starting a single or 
multiple-precision subtraction, it should be explicitly cleared by a CLR C instruction 


SUBB A,Rn 
Bytes: 

Cycles: 

Encoding: 

Operation: SUBB 

(A)^(A)-(C)-(R,) 


1 

1 

n 0 0 1 n 'r TT 


SUBB A, direct 

Bytes: 2 

Cycles: 1 

direct address 

Operation: SUBB 

(A) (A) - (C) - (direct) 


Encoding: M 0 Q 1 [0101 


SUBB A,@Ri 
Bytes: 

Cycles: 

Encoding: 

Operation: SUBB 

(A)^{A)-(C)-{Ri) 


1 

1 

n 0 o~~i To i ~ 


SUBB A,#data 

Bytes: 2 

Cycles: 1 

immediate data 

Operation: SUBB 

(A) (A) - (C) - (#data) 


Encoding: 


10 0 1 


0 10 0 
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SETB <bit> 


Function: 

Set Bit 





Description: 

SETB sets the indicated bit to one. SETB can operate on the carry flag or any directly addressable bit. No 

other flags are affected. 




Example: 

The carry flag is cleared. Output Port 1 has been written with the value 34H (0011 01 OOB). The instructions, 


SETB C 

SETB P1.0 






will leave the carry flag set to 1 and change the data output on Port 1 to 35H (001 1 01 01 B). 

SETB C 






Bytes: 

1 





Cycles: 

1 





Encoding: | 

110 1 

0 0 11 




Operation: 

SETB 

(0)^1 





SETB bit 






Bytes: 

2 





Cycles: 

1 





Encoding: | 

110 1 

0 0 10 


bit address 


Operation: 

SETB 
(bit) ^ 1 






SJMP rel 


Function: 

Short Jump 

Description: 

Program control branches unconditionally to the address indicated. The branch destination is computed by 
adding the signed displacement in the second Instruction byte to the PC, after incrementing the PC twice. 
Therefore, the range of destinations allowed is from 128 bytes preceding this instruction to 127 bytes 
following it. 

Example: 

The label “RELADR” is assigned to an instruction at program memory location 0123H. The instruction, 

SJMP RELADR 

will assemble into location 0100H. After the instruction is executed, the PC will contain the value 0123H. 

{Note: Under the above conditions the instruction following SJMP will be at 1 02H. Therefore, the 
displacement byte of the instruction will be the relative offset (0123H-0102H) = 21 H. Put another way, an 
SJMP with a displacement of OFEH would be a one-instruction infinite loop.) 

Bytes: 

2 

Cycles: 

2 

Encoding: 

1 0 0 0 0 0 0 0 rel. address 


Operation: SJMP 

(PC) (PC) + 2 
(PC) <- (PC) + rel 
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RR A 


Function. - 
Description; 

Example; 


Bytes; 

Cycles; 

Encoding; 

Operation: 


Rotate Accumulator Right 

The eight bits in the Accumulator are rotated one bit to the right. Bit 0 is rotated into the bit 7 position. No 
flags are affected. 

The Accumulator holds the value 0C5H (11000101 B). The Instruction, 

RR A 

leaves the Accumulator holding the value 0E2H (11 10001 OB) with the carry unaffected. 

1 

1 

0 0 0 0 0 0 1 1 

RR 

(An) ^ (An+i)i n = 0 — 6 
(A7) <- (AO) 


RRC A 


Function; 

Description; 

Example; 


Bytes: 

Cycles; 

Encoding: 

Operation: 


Rotate Accumulator Right through the Carry flag 

The eight bits in the Accumulator and the carry flag are together rotated one bit to the right. Bit 0 moves 
into the carry flag; the original state of the carry flag moves into the bit 7 position. No other flags are 
affected. 

The Accumulator holds the value 0C5H (11000101 B), and the carry is zero. The instruction, 

RRC A 

leaves the Accumulator holding the value 62 (011 0001 OB) with the carry set. 

1 

1 


0 0 0 1 0 0 1 1 


RRC 

(An) <— (An+i), n = 0 — 6 
(A7) ^ (C) 

(C) ^ (AO) 
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RL A 


Function: 

Rotate Accumulator Left 

Description: 

The eight bits in the Accumulator are rotated one bit to the left. Bit 7 is rotated into the bit 0 position. No 
flags are affected. 

Example: 

The Accumulator holds the value 0C5H (11000101 B). The instruction, 

RL A 

leaves the Accumulator holding the value 8BH (10001 01 IB) with the carry unaffected. 

Bytes: 

1 

Cycles: 

1 

Encoding: 

0 0 1 0 0 0 1 1 

Operation: 

RL 


(An+i) <— (An), n = 0 - 6 
(AO) <- (A7) 


RLC A 

Function: 

Rotate Accumulator Left through the Carry flag 

Description: 

The eight bits in the Accumulator and the carry flag are together rotated one bit to the left. Bit 7 moves into 
the carry flag; the original state of the carry flag moves into the bit 0 position. No other flags are affected. 

Example: 

The Accumulator holds the value 0C5H (1 10001 01 B), and the carry is zero. The instruction, 

RLC A 

leaves the Accumulator holding the value 8BH (10001 01 OB) with the carry set. 

Bytes: 

1 

Cycles: 

1 

Encoding: 

0 0 1 1 0 0 1 1 

Operation: 

to 

1 

o 

II 

c: 
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RET 


Function: 

Description: 

Example: 


Bytes: 

Cycles: 

Encoding: 

Operation: 


Return from subroutine 

RET pops the high- and low-order bytes of the PC successively from the stack, decrementing the Stack 
Pointer by two. Program execution continues at the resulting address, generally the instruction 
immediately following an ACALL or LCALL No flags are affected. 

The Stack Pointer originally contains the value OBH. Internal RAM locations OAH and OBH contain the 
values 23H and 01 H, respectively. The instruction, 

RET 

will leave the Stack Pointer equal to the value 09H. Program execution will continue at location 0123H. 

1 


0 0 10 


0 0 10 


RET 

(PC, 5-8) ^ ((SP)) 
(SP) <- (SP) - 1 
(PC7-o)^((SP)) 
(SP) ^ (SP) - 1 


RETI 


Function: Return from interrupt 


Description: RETI pops the high- and low-order bytes of the PC successively from the stack, and restores the interrupt 

logic to accept additional interrupts at the same priority level as the one just processed. The Stack Pointer 
is left decremented by two. No other registers are affected; the PSW is not automatically restored to its 
pre-interrupt status. Program execution continues at the resulting address, which is generally the 
Instruction immediately after the point at which the interrupt request was detected. If a lower- or same-level 
interrupt has been pending when the RETI instruction is executed, that one instruction will be executed 
before the pending interrupt is processed. 

Example: The Stack Pointer originally contains the value OBH. An interrupt was detected during the instruction 

ending at location 0122H. Internal RAM locations OAH and OBH contain the values 23H and 01 H, 
respectively. The instruction, 

RETI 


will leave the Stack Pointer equal to 09H and return program execution to location 0123H. 
Bytes: 1 


Cycles: 2 


Encoding: | Q ^ [0010 

Operation: RETI 

(PC, 5-8) <- ((SP)) 

(SP) <- (SP) - 1 
(PC7-o)<- ((SP)) 

(SP) <- (SP) - 1 
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POP direct 


Function: 

Pop from stack 

Description: 

The contents of the internal RAM location addressed by the Stack Pointer is read, and the Stack Pointer is 
decremented by one. The value read is then transferred to the directly addressed byte indicated. No flags 
are affected. 

Example: 

The Stack Pointer originally contains the value 32H, and internal RAM locations 30H through 32H contain 
the values 20H, 23H, and 01 H, respectively. The Instruction sequence, 

POP DPH 

POP DPI 

will leave the Stack Pointer equal to the value 30H and the Data Pointer set to 0123H. At this point the 
instruction, 

POP SP 

will leave the Stack Pointer set to 20H. Note that in this special case the Stack Pointer was decremented 
to 2FH before being loaded with the value popped (20H). 

Encoding: 

1 1 0 1 0 0 0 0 direct address 

Operation: 

POP 

(direct) <- ((SP)) 

(SP) <- (SP) - 1 

PUSH direct 

Function: 

Push onto stack 

Description: 

The Stack Pointer is incremented by one. The contents of the indicated variable is then copied into the 
internal RAM location addressed by the Stack Pointer. Othenwise no flags are affected. 

Example: 

On entering an interrupt routine the Stack Pointer contains 09H. The Data Pointer holds the value 0123H. 
The instruction sequence, 

PUSH DPI 

PUSH DPH 

will leave the Stack Pointer set to OBH and store 23H and 01 H in internal RAM locations OAH and OBH, 
respectively. 

Bytes: 

2 

Cycles: 

2 

Encoding: 

1 100 0000 direct address 

Operation: 

PUSH 

(SP) ^ (SP) + 1 
((SP)) ^ (direct) 
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ORL C,<src-bit> 


Function: Logical-OR for bit variables 

Description: Set the carry flag if the Boolean value is a logical 1 ; leave the carry In its current state otherwise. A slash 

(T) preceding the operand in the assembly language indicates that the logical complement of the 
addressed bit is used as the source value, but the source bit itself is not affected. No other flags are 
affected. 


Example: 


Set the carry flag if and only if P1 .0 = 1 , ACC.7 = 1 , or OV = 0: 


ORL C.P1.0 
ORL C.ACC.7 
ORL C,/OV 


LOAD CARRY WITH INPUT PIN P1 0 
OR CARRY WITH THE ACC. BIT 7 
OR CARRY WITH THE INVERSE OF OV. 


ORL C,bit 

Bytes: 

Cycles: 

Encoding: 

Operation: 

ORL C,/bit 
Bytes: 
Cycles: 

Encoding: 

Operation: 


2 

2 


0 111 

0 0 10 


bit address 

ORL 

(C) ^ (C) V (bit) 

2 

2 


10 10 

0 0 0 0 


bit address 


ORL 

(C) ^ (C) V (BI) 
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ORL A, direct 


Bytes: 2 
Cycles: 1 


Encoding: 

0 10 0 


1 

0 

I] 


direct address 

Operation: 

ORL 

(A) <- (A) V (direct) 





ORL A,@Ri 







Bytes: 

1 






Cycles: 

1 






Encoding: 

0 10 0 

1° 

1 

1 

n 

1 

Operation: 

ORL 

(A)^ (A)v((R|)) 





ORL A,#data 







Bytes: 

2 






Cycles: 

1 






Encoding: | 

0 10 0 

L° 

1 

0 

Z] 


immediate data 

Operation: 

ORL 

(A) <— (A) V #data 





ORL direct, A 







Bytes: 

2 






Cycles: 

1 






Encoding: | 

0 10 0 

[Z 

0 

1 

Z] 


direct address 


Operation: ORL 

(direct) <r~ (direct) v (A) 


ORL direct, #data 
Bytes: 3 
Cycles: 2 


Encoding: 

Operation: 


0 10 0 

0 0 11 


direct address 


immediate data 


ORL 

(direct) <— (direct) v #data 


March 1993 


92 






Philips Semiconductors 80C51 -Based 8-Bit Microcontrollers 


80C51 Family 


80C51 family programmer’s guide 
and instruction set 


NOP 


Function: No Operation 

Description: Execution continues at the following instruction. Other than the PC, no registers or flags are affected. 


Example: It is desired to produce a low-going output pulse on bit 7 of Port 2 lasting exactly 5 cycles. A simple 

SETB/CLR sequence would generate a one-cycle pulse, so four additional cycles must be inserted. This 
may be done (assuming are enabled) with the Instruction sequence, 

CLR P2.7 

NOP 

NOP 

NOP 

NOP 

SETB P2.7 


Bytes: 

Cycles: 

Encoding: 

Operation: NOP 

(PC) <- (PC) + 1 


1 

1 

looooloooo 


ORL <dest-byte>,<src-byte> 


Function: Logical-OR for byte variables 


Description: ORL performs the bitwise logical-OR operation between the indicated variables, storing the results in the 

destination byte. No flags are affected. 

The two operands allow six addressing mode combinations. When the destination is the Accumulator, the 
source can use register, direct, register-indirect, or immediate addressing; when the destination is a direct 
address, the source can be the Accumulator or immediate data. 

Note: When this instruction Is used to modify an output port, the value used as the original port data will 
be read from the output data latch, not the input pins. 

Example: If the Accumulator holds 0C3H (11 00001 1B) and RO holds 55H (01 01 01 01 B) then the instruction, 

ORL A,R0 

will leave the Accumulator holding the value 0D7H (11010111 B). 

When the destination is a directly addressed byte, the instruction can set combinations of bits in any RAM 
location or hardware register. The pattern of bits to be set is determined by a mask byte, which may be 
either a constant data value in the Instruction or a variable computed in the Accumulator at run-time. The 
instruction, 

ORL PI, #001 1001 OB 

will set bits 5, 4, and 1 of output Port 1 . 


ORL A,Rn 

Bytes: 

Cycles: 

Encoding: 

Operation: ORL 

(A)f- (A)v(Rn) 


1 

1 

fo 1 0~0 n r 7~r 
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MOVX @RI,A 
Bytes: 
Cycles: 


Encoding: 

Operation: 


1 

2 



MOVX 
((Ri))<- (A) 


MOVX @DPTR,A 
Bytes: 1 

Cycles: 2 


Encoding: 



Operation: MOVX 

((DPTR)) ^ (A) 


MUL AB 

Function: Multiply 

Description: MUL AB multiplies the unsigned eight-bit integers in the Accumulator and register B. The low-order byte 

of the sixteen-bit product is left in the Accumulator, and the high-order byte in B. If the product is greater 
than 255 (OFFH) the overflow flag is set; otherwise it is cleared. The carry flag Is always cleared. 

Example: Originally the Accumulator holds the value 80 (50H). Register B holds the value 1 60 (OAOH).The 

instruction, 

MUL AB 

will give the product 12,800 (3200H), so B is changed to 32H (001 1001 OB) and the Accumulator is cleared. 
The overflow flag is set, carry is cleared. 

Bytes: 

Cycles: 

Encoding: 

Operation: MUL 

(A) 7-o^ (A)x{B) 

(B) i5-8 
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Move A,@A+PC 
Bytes: 

Cycles: 

Encoding: 

Operation: MO VC 

(PC) (PC) + 1 
(A) <- ((A) + (PC)) 


1 

2 

|1 0 0 0 I 0 0 1 1 


MOVX <dest-byte>,<src-byte> (Not implemented in the 8XC752 or 8XC752) 


Function: Move External 


Description: The MOVX instructions transfer data between the Accumulator and a byte of external data memory, hence 

the “X” appended to MOV. There are two types of instructions, differing in whether they provide an eight-bit 
or sixteen-bit indirect address to the external data RAM. 

In the first type, the contents of RO or R1 in the current register bank provide an eight-bit address 
multiplexed with data on PO. Eight bits are sufficient for external I/O expansion decoding or for a relatively 
small RAM array. For somewhat larger arrays, port pins can be used to output higher-order address bits. 
These pins would be controlled by an output instruction preceding the MOVX. 

In the second type of MOVX instruction. The Data Pointer generates a sixteen-bit address. P2 outputs the 
high-order eight address bits (the contents of DPH) while PO multiplexes the low-order eight bits (DPL) 
with data. The P2 Special Function Register retains its previous contents while the P2 output buffers are 
emitting the contents of DPH. This form is faster and more efficient when accessing very large data arrays 
(up to 64k bytes), since no additional instructions are needed to set up the output ports. 

It is possible in some situations to mix the two MOVX types. A large RAM array with its high-order address 
lines driven by P2 can be addressed via the Data Pointer, or with code to output high-order address bits to 
P2 followed by a MOVX Instruction using RO or R1 . 

Example: An external 256 byte RAM using multiplexed address/data lines is connected to the 8051 Port 0. Port 3 

provides control lines for the external RAM. Ports 1 and 2 are used for normal I/O. Registers 0 and 1 
contain 12H and 34H. Location 34H of the external RAM holds the value 56H. The instruction sequence, 

MOVX A,@R1 
MOVX @R0,A 

copies the value 56H into both the Accumulator and external RAM location 12H. 


MOVX A,@Ri 
Bytes: 

Cycles: 

Encoding: 

Operation: MOVX 

(A) <- ((Ri)) 


1 

2 

n i r~o 1 0 0 ~ 


MOVX A,@DPTR 
Bytes: 

Cycies: 

Encoding: 

Operation: MOVX 

(A)^ ((DPTR)) 


1 

2 

n 1 r"o To 0 0 0 
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MOV DPTR,#data16 

Function: Load Data Pointer with a 1 6-bit constant 


Description: The Data Pointer is loaded with the 16-bit constant indicated. The 16-bit constant is loaded into the second 

and third bytes of the instruction. The second byte (DPH) is the high-order byte, while the third byte (DPL) 
holds the low-order byte. No flags are affected. 

This is the only instruction which moves 1 6 bits of data at once. 

Example: The instruction, 


MOV DPTR,#1234H 

will load the value 1234H into the Data Pointer: DPH will hold 12H and DPL will hold 34H. 


Bytes: 

Cycles: 

Encoding: 

Operation: 


3 

2 


10 0 1 

0 0 0 0 


immed. data15-8 


immed. data7-0 


MOV 

(DPTR) (#datai5.o) 

DPH Q DPL < — ^data-i5.0 Dffdatay^ 


Move A,@A+<base-reg> 


Function: Move Code byte 

Description: The MOVC Instructions load the Accumulator with a code byte, or constant from program memory. The 

address of the byte fetched is the sum of the original unsigned eight-bit Accumulator contents and the 
contents of a sixteen-bit base register, which may be either the Data Pointer or the PC. In the latter case, 
the PC is incremented to the address of the following Instruction before being added with the Accumulator; 
otherwise the base register is not altered. Sixteen-bit addition is performed so a carry-out from the 
low-order eight bits may propagate through higher-order bits. No flags are affected. 


Example: 


A value between 0 and 3 is in the Accumulator. The following instructions will translate the value in the 
Accumulator to one of four values defined by the DB (define byte) directive: 


INC 

A 

MOVC 

RET 

A,@A-^PC 

DB 

66H 

DB 

77H 

DB 

88H 

DB 

99H 


If the subroutine is called with the Accumulator equal to 01 H, it will return with 77H in the Accumulator. The 
INC A before the MOVC instruction is needed to “get around” the RET instruction above the table. If 
several bytes of code separated the MOVC from the table, the corresponding number would be added to 
the Accumulator instead. 


MOVC A,@A+DPTR 
Bytes: 

Cycles: 

En coding: 

Operation: MOVC 

(A)<- ((A) + (DPTR)) 


1 

2 

n 0 o~i To 0 TT 


March 1993 


88 




Philips Semiconductors 80C51 -Based 8-Bit Microcontrollers 


80C51 Family 


80C51 family programmer’s guide 
and instruction set 


MOV @RI,direct 
Bytes: 2 
Cycles: 2 


Encoding: |J ; 

Operation: MOV 


10 10 0 11 


I direct address 


((Ri))<- (direct) 


MOV @Ri,#data 
Bytes: 2 
Cycles: 1 


Encoding: | ^ » ' ' 

Operation: MOV 

((Rj)) < — #data 


0 1 11 0 1 1 i 


immediate data 


MOV <dest-bit>,<src-bit> 

Function: Move bit data 

Description: The Boolean variable indicated by the second operand is copied into the location specified by the first 

operand. One of the operands must be the carry flag; the other may be any directly addressable bit. No 
other register or flag is affected. 

Example: The carry flag is originally set. The data present at input Port 3 is 1 1 000101 B. The data previously written 

to output Port 1 is 35H (001 101 01 B). The Instruction sequence, 

MOV P1.3,C 
MOV C.P3.3 
MOV P1.2,C 

will leave the carry cleared and change Port 1 to 39H (001 11 001 B). 

MOV C,bit 


Bytes: 2 
Cycles: 1 


Encoding: jj I 

Operation: MOV 


1 0 1 0 0 0 1 0 


bit address 


(C)^ (bit) 


MOV bit,C 

Bytes: 2 
Cycies: 2 


Encoding: |J ; 

Operation: MOV 


1 0 0 1 0 0 1 0 


(bit)<- (C 


bit address 
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MOV direct, A 
Bytes: 
Cycles: 


Encoding: 

Operation: 


2 

1 


1111 

0 10 1 


direct address 


MOV 

(direct) <— (A) 


MOV direct, Rn 

Bytes: 2 
Cycles: 2 


Encoding: 

Operation: 


10 0 0 

1 r r r 


direct address 


MOV 

(direct) 4- (R„) 


MOV direct,direct 
Bytes: 3 
Cycles: 2 

dir. addr. (src) 

Operation: MOV 

(direct) <— (direct) 


Encoding: 


10 0 0 


0 10 1 


MOV direct,@Ri 
Bytes: 2 
Cycles: 2 


Encoding: 

Operation: 


10 0 0 

0 1 1 i 


direct address 


MOV 

(direct) <— (Rj) 


MOV dlrect,#data 
Bytes: 3 
Cycles: 2 


Encoding: 

Operation: 


0 111 

0 10 1 


direct address 


MOV 

(direct) 4- #data 


MOV @Ri,A 
Bytes: 

Cycles: 

Encoding: 

Operation: MOV 

((Ri))^ (A) 


1 

1 

n i ~ To 1 ~\ 


dir. addr. (dest) 


immediate data 
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*MOV A,direct 


Bytes: 

2 

Cycles: 

1 

Encoding: 


0 1 0 1 1 

Operation: 

MOV 


(A) <- (direct) 

MOV A,@Ri 


Bytes: 

1 

Cycles: 

1 

Encoding: | 

1110 

Dili 

Operation: 

MOV 


(A)<- (R,) 

MOV A,#data 


Bytes: 

2 

Cycles: 

1 

Encoding: | 

0 111 

0 10 0 

Operation: 

MOV 


(A) 4- #data 

MOV Rn,A 


Bytes: 

1 

Cycles: 

1 

Encoding: | 

1111 

1 r r r 

Operation: 

MOV 


(Rn)<- (A) 

MOV Rn, direct 


Bytes: 

2 

Cycles: 

2 

Encoding: | 

10 10 

1 r r r 

Operation: 

MOV 


(Rn)^ (direct) 

MOV Rn,#data 


Bytes: 

2 

Cycles: 

1 

Encoding: | 

0 111 

1 r r r 


Operation: MOV 

(Rn) <— #data 


direct address 


immediate data 


direct address 


immediate data 


*MOV A,ACC is not a valid instruction. 
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UMP addrie 
Function: 
Description: 


Exampie: 


(Implemented in 87C751 and 87C752 for in-circuit emulation oniy.) 

Long Jump 

UMP causes an unconditional branch to the indicated address, by loading the high-order and low-order 
bytes of the PC (respectively) with the second and third instruction bytes. The destination may therefore be 
anywhere in the full 64k program memory address space. No flags are affected. 

The label “JMPADR” Is assigned to the instruction at program memory location 1234H. The instruction, 
UMP JMPADR 


at location 0123H will load the program counter with 1234H. 


Bytes: 

Cycles: 

Encoding: 

Operation: 


3 

2 


0 0 0 0 

0 0 10 


addr15-addr8 


addr7-addr0 


UMP 

((SP)) <- addns-s 


MOV <dest-byte>,<src-byte> 


Function: Move byte variable 

Description: The byte variable indicated by the second operand is copied into the location specified by the first operand. 

The source byte is not affected. No other register or flag Is affected. 

This is by far the most flexible operation. Fifteen combinations of source and destination addressing 
modes are allowed. 

Exampie: Internal RAM location 30H holds 40H. The value of RAM location 40H is 1 0H. The data present at input 

port 1 is 11 001 01 OB (OCAH). The instruction sequence. 


MOV 

R0,#30H 

RO < = 30H 

MOV 

A,@R0 

A<==40H 

MOV 

R1,A 

R1 < = 40H 

MOV 

B,@R1 

B<=10H 

MOV 

@R1.P1 

RAM (40H) < = OCAH 

MOV 

P2.P1 

P2 #0CAH 


leaves the value 30H in register 0, 40H in both the Accumulator and register 1 , 10H in register B, and 
OCAH (11 001 01 OB) both In RAM location 40H and output on port 2. 


MOV A,Rn 
Bytes: 

Cycles: 

Encoding: 

Operation: MOV 

W*- (R.) 


1 

1 

n i 1 0 I 1 r ~ 
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JZ rel 

Function: 

Description: 


Exampie: 


Bytes: 

Cycles: 

Encoding: 

Operation: 


Jump if Accumulator Zero 

If ail bits of the Accumulator are zero, branch to the indicated address; otherwise proceed with the next 
instruction. The branch destination is computed by adding the signed relative-displacement in the second 
instruction byte to the PC, after incrementing the PC twice. The Accumulator is not modified. No flags are 
affected. 

The Accumulator originally holds 01 H. The instruction sequence, 

JZ LABEL1 

DEC A 

JZ LABEL2 

will change the Accumulator to OOH and cause program execution to continue at the instruction Identified 
by the label LABEL2. 

2 

2 


0 110 

0 0 0 0 


rel. address 


JZ 

(PC) <- (PC) + 2 
IFA = 0 

THEN (PC) ^ (PC) + rel 


LCALL addrie 


Function: Long Call 

Description: LCALL calls a subroutine located at the indicated address. The instruction adds three to the program 

counter to generate the address of the next instruction and then pushes the 16-bit result onto the stack 
(low byte first), incrementing the Stack Pointer by two. The high-order and low-order bytes of the PC are 
then loaded, respectively, with the second and third bytes of the LCALL instruction. Program execution 
continues with the instruction at this address. The subroutine may therefore begin anywhere in the full 
64k-byte program memory address space. No flags are affected. 


Example: Initially the Stack Pointer equals 07H. The label "SUBRTN” is assigned to program memory location 

1234H. After executing the instruction, 

LCALL SUBRTN 

at location 0123H, the Stack Pointer will contain 09H, internal RAM locations OSH and 09H will contain 
26H and 01 H, and the PC will contain 1235H. 


Bytes: 3 


Cycles: 2 


Encoding: 


0 0 0 1 

0 0 10 


addr15-addr8 


addr7-addr0 


Operation: LCALL 

(PC) <- (PC) + 3 
(SP) <- (SP) + 1 
((SP))<-(PC,^) 
(SP) <- (SP) + 1 
((SP))<-(PC,5.8) 
(PC) <— addri5.o 
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JNC rel 


Function: 

Description: 


Exampie: 


Jump if Carry Not set 

if the carry flag is a zero, branch to the address indicated; otherwise proceed with the next instruction. The 
branch destination is computed by adding the signed relative-displacement in the second instruction byte 
to the PC, after incrementing the PC twice to point to the next instruction. The carry flag is not modified. 

The carry flag is set. The instruction sequence, 

JNC LABEL1 

CPL C 

JNC LABEL2 

will clear the carry and cause program execution to continue at the instruction identified by the label 
LABEL2. 


Bytes: 2 


Cycles: 

Encoding: 


2 


0 10 1 

0 0 0 0 


rel. address 


Operation: JNC 

(PC) <- (PC) + 2 
iF (C) = 0 
THEN 

(PC) <- (PC) + rel 


JNZ rei 


Function: Jump If Accumulator Not Zero 

Description: If any bit of the Accumulator is a one, branch to the indicated address; otherwise proceed with the next 

instruction. The branch destination is computed by adding the signed relative-displacement in the second 
instruction byte to the PC, after incrementing the PC twice. The Accumulator is not modified. No flags are 
affected. 


Example: The Accumulator originally holds OOH. The instruction sequence, 

JNZ LABEL1 

INC A 

JNZ LABEL2 

will set the Accumulator to 01 H and continue at label LABEL2. 


Bytes: 2 
Cycles: 2 


Encoding: 


0 111 

0 0 0 0 


rel. address 


Operation: JNZ 

(PC) ^ (PC) 2 
IFA,tO 

THEN (PC) <- (PC) + rel 
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JMP @A+DPTR 


Function: Jump indirect 

Description: Add the eight-bit unsigned contents of the Accumulator with the sixteen-bit data pointer, and load the 

resulting sum to the program counter. This will be the address for subsequent instruction fetches. 
Sixteen-bit addition is performed (modulo 2^®); a carry-out from the low-order eight bits propagates through 
the higher-order bits. Neither the Accumulator nor the Data Pointer Is altered. No flags are affected. 


Example: 


An even number from 0 to 6 is in the Accumulator. The following sequence of instructions will branch to 
one of four AJMP instructions in a jump table starting at JMP TBL: 


JMP_TBL: 


MOV 

DPTR.#JMP TBL 

JMP 

@A+DPTR 

AJMP 

LABELO 

AJMP 

LABEL1 

AJMP 

LABEL2 

AJMP 

LABELS 


If the Accumulator equals 04H when starting this sequence, execution will jump to label LABEL2. 
Remember that AJMP is a two-byte instruction, so the jump instructions start at every other address. 


Bytes: 

Cycles: 

Encoding: 

Operation: JMP 

(PC) ^ (A) + (DPTR) 


1 

2 

fo 1 ~ To 0 


JNB bit,rel 


Function: Jump if Bit Not set 

Description: if the indicated bit is a zero, branch to the indicated address; otherwise proceed with the next instruction. 

The branch destination is computed by adding the signed relative-displacement in the third instruction byte 
to the PC, after incrementing the PC to the first byte of the next instruction. The bit tested is not modified 
No flags are affected. 


Example: The data present at input port 1 is 11 001 01 OB. The Accumulator holds 56H (01 01 011 OB). The instruction 

sequence, 

JNB P1.3,LABEL1 

JNB ACC.3,LABEL2 

will cause program execution to continue at the instruction at label LABEL2. 


Bytes: 3 


Cycles: 2 


Encoding: 


0 0 11 

0 0 0 0 


bit address 


rel. address 


Operation: JNB 

(PC) <- (PC) + 3 
IF (bit) = 0 
THEN 

(PC) <- (PC) + rel 
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JBC bit,rei 

Function: Jump if Bit is set and Clear bit 

Description: If the indicated bit is a one, branch to the address indicated; otherwise proceed with the next instruction. 

The bit will not be cleared if it is already a zero. The branch destination is computed by adding the signed 
relative-displacement in the third instruction byte to the PC, after incrementing the PC to the first byte of 
the next instruction. No flags are affected. 

Note: When this instruction is used to test an output pin, the value used as the original data will read from 
the output data latch, not the input pin. 

Example: The Accumulator holds 56H (01 01 011 OB). The instruction sequence, 

JBC ACC.3,LABEL1 

JBC ACC.2,LABEL2 

will cause program execution to continue at the instruction identified by the LABEL2, with the Accumulator 
modified to 52H (0101001 OB). 

Bytes: 3 

Cycles: 2 

Encoding: 

Operation: JBC 

(PC) ^ (PC) + 3 
IF (bit) = 1 
THEN 
(bit) <- 0 

(PC) ^ (PC) + rel 


0 0 0 1 


0 0 0 0 


JC rei 

Function: Jump if Carry is set 

Description: If the carry flag is set, branch to the address indicated; otherwise proceed with the next instruction. The 

branch destination is computed by adding the signed relative-displacement in the second instruction byte 
to the PC, after incrementing the PC twice. No flags are affected. 

Example: The carry flag Is cleared. The instruction sequence, 

JC LABEL1 

CPL C 

JC LABEL2 

will set the carry and cause program execution to continue at the instruction Identified by the label 
LABEL2. 

Bytes: 2 

Cycles: 2 


Encoding: 

Operation: JC 

(PC) <- (PC) + 2 
IF (0 = 1 
THEN 

(PC) <- (PC) + rel 
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INC DPTR 


Function: Increment Data Pointer 


Description: Increment the 16-bit data pointer by 1 . A 1 6-bit increment (modulo 2^®) is performed; an overflow of the 

low-order byte of the data pointer (DPL) from OFFH to OOH will increment the high-order byte (DPH). No 
flags are affected. 

This is the only 16-bit register which can be incremented. 

Example: Registers DPH and DPL contain 12H and OFEH, respectively. The instruction sequence, 

INC DPTR 

INC DPTR 

INC DPTR 

will change DPH and DPL to 13H and 01 H. 


Bytes: 1 


Cycles: 2 

Encod ing : Q Q Q Q 

Operation: INC 

(DPTR) <- (DPTR) + 1 


JB bit,rel 


Function: Jump if Bit set 

Description: If the indicated bit is a one, jump to the address indicated; otherwise proceed with the next instruction. The 

branch destination is computed by adding the signed relative-displacement in the third instruction byte to 
the PC, after incrementing the PC to the first byte of the next instruction. The bit tested is not modified. No 
flags are affected. 


Example: The data present at input port 1 is 11 001 01 OB. The Accumulator holds 56 (0101 011 OB). The instruction 

sequence, 

JB P1.2,LABEL1 

JB ACC.2,LABEL2 

will cause program execution to branch to the instruction at label LABEL2. 

Bytes: 3 


Cycles: 2 


Encoding: 


0 0 10 

0 0 0 0 


bit address 


rel. address 


Operation: JB 

(PC) <- (PC) + 3 
IF (bit) = 1 
THEN 

(PC) <- (PC) + rel 
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INC <byte> 
Function: 
Description: 


Example: 


INC A 

Bytes: 

Cycles: 

Encoding: 

Operation: 

INC Rn 

Bytes: 

Cycles: 

Encoding: 

Operation: 

INC direct 

Bytes: 

Cycles: 

Encoding: 

Operation: 


INC @Ri 

Bytes: 

Cycles: 


Encoding: 

Operation: 


Increment 

INC increments the indicated variable by 1. An original value of OFFH will overflow to OOH. No flags are 
affected. Three addressing modes are allowed: register, direct, or register-indirect. 

A/ofe; When this Instruction is used to modify an output port, the value used as the original port data will be 
read from the output data latch, nof the input pins. 

Register 0 contains 7EH (011 11 11 OB). Internal RAM locations 7EH and 7FH contain OFFH and 40H, 
respectively. The instruction sequence, 

INC (a)R0 

INC RO 

INC (3)R0 

will leave register 0 set to 7FH and internal RAM locations 7EH and 7FH holding (respectively) OOH and 
41 H. 


1 

1 


0 0 0 0 

0 10 0 

INC 


(A)^ (A) + 1 


1 


1 


0 0 0 0 

1 r r r 

INC 


(R„) <- (Rn) + 1 


2 


1 


0 0 0 0 

0 10 1 

INC 


(direct) <— (direct) + 1 

1 


1 


0 0 0 0 

0 1 1 i 


INC 

((Ri)) ^ ((Ri)) + 1 


direct address 
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DJNZ <byte>,<rel-addr> 

Function: Decrement and Jump if Not Zero 

Description: DJNZ decrements the location indicated by 1 , and branches to the address indicated by the second 

operand if the resulting value is not zero. An original value of OOH will underflow to OFFH. No flags are 
affected. The branch destination would be computed by adding the signed relative-displacement value In 
the last instruction byte to the PC, after incrementing the PC to the first byte of the following instruction. 

The location decremented may be a register or directly addressed byte. 

Note; When this instruction is used to modify an output port, the value used as the original port data will be 
read from the output data latch, nof the input pins. 

Example: Internal RAM locations 40H, 50H, and 60H contain the values 01 H, 70H, and 15H, respectively. The 

instruction sequence, 

DJNZ 40H,LABELJ 

DJNZ 50H,LABEL_2 

DJNZ 60H,LABEL_3 

will cause a jump to the instruction at LABEL_2 with the values OOh, 6FH, and 15H in the three RAM 
locations. The first jump was nottaken because the result was zero. 

This instruction provides a simple was of executing a program loop a given number of times, or for adding 
a moderate time delay (from 2 to 512 machine cycles) with a single instruction. The Instruction sequence, 

MOV R2,#8 

TOGGLE: CPL PI. 7 

DJNZ R2.TOGGLE 

will toggle PI .7 eight times, causing four output pulses to appear at bit 7 of output Port 1 . Each pulse will 
last three machine cycles, two for DJNZ and one to alter the pin. 

DJNZ Rn,rel 
Bytes: 

Cycles: 

Encoding: 

Operation: 


DJNZ direcLrel 
Bytes: 3 
Cycles: 2 

Encoding: 
Operation: 



DJNZ 

(PC)<- (PC) + 2 
(direct) <— (direct) - 1 
IF (direct) > 0 or (direct) < 0 
THEN 

(PC) ^ (PC) + rel 


2 


2 



DJNZ 

(PC)^ (PC) + 2 
(Rn)<- (Rn)-1 
IF (Rn) > 0 or (Rn) < 0 
THEN 

(PC) <- (PC) + rel 
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DIV AB 

Function: Divide 

Description: DIV AB divides the unsigned eight-bit integer in the Accumulator by the unsigned eight-bit integer in 

register B. 

The Accumulator receives the integer part of the quotient; register B receives the integer remainder. The 
carry and OV flags will be cleared. 

Exception: '^ B had originally contained OOH, the values returned in the Accumulator and B-register will be 
undefined and the overflow flag will be set. The carry flag is cleared in any case. 

Example: The Accumulator contains 251 (OFBH or 1111 101 IB) and B contains 18 (12H or 0001 001 OB). The 

instruction, 

DIV AB 

will leave 13 in the Accumulator (ODH or 000011 01 B) and the value 17 (11H or 00010001 B) in B, since 251 
= (13 X 18) + 17. Carry and OV will both be cleared. 

Bytes: 

Cycles: 

Encoding: 

Operation: 
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DEC byte 

Function: Decrement 

Description: The variable indicated is decremented by 1 . An original value of OOH will underflow to OFFH. No flags are 

affected. Four operand addressing modes are allowed: accumulator, register, direct, or register-indirect. 

yVofe; When this instruction is used to modify an output port, the value used as the original data will be 
read from the output data latch, not the input pin. 

Example: Register 0 contains 7FH (0111 1111 B). Internal RAM locations 7EH and 7FH contain OOH and 40H, 

respectively. The instruction sequence, 

DEC @R0 
DEC RO 
DEC @R0 

will leave register 0 set to 7EH and internal RAM locations 7EH and 7FH set to OFFH and 3FH. 

DEC A 

Bytes 
Cycles 

Encoding 
Operation 

DEC Rn 

Bytes 
Cycles 

Encoding 
Operation 

DEC direct 
Bytes: 

Cycles: 

Encoding: 

Operation: DEC 

(direct) (direct) - 1 

DEC @Ri 

Bytes: 

Cycles: 

Encoding: 

Operation: DEC 

((Ri))^((Ri))-i 




1 

1 



DEC 

(Rn)^(Rn)-1 


1 

1 



DEC 

(A)<- (A)-1 
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DA A 

Function: Decimal-adjust Accumulator for Addition 

Description: DA A adjusts the eight-bit value in the Accumulator resulting from the earlier addition of two variable (each 

in packed-BCD format), producing two four-bit digits. Any ADD or ADDC instruction may have been used 
to perform the addition. 

If Accumulator bits 3-0 are greater than nine (xxx1010-xxx1111), or if the AC flag is one, six is added to the 
Accumulator, producing the proper BCD digit in the low-order nibble. This internal addition would set the 
carry flag if a carry-out of the low-order four-bit field propagated through all high-order bits, but it would not 
clear the carry flag otherwise. 

If the carry flag Is now set, or if the four high-order bits now exceed nine (1010xxx-111xxxx), these 
high-order bits are incremented by six, producing the proper BCD digit in the high-order nibble. Again, this 
would set the carry flag if there was a carry-out of the high-order bits, but wouldn’t clear the carry. The 
carry flag thus indicates If the sum of the original two BCD variables is greater than 100, allowing multiple 
precision decimal addition. OV is not affected. 

All of this occurs during the one instruction cycle. Essentially, this instruction performs the decimal 
conversion by adding OOH, 06H, 60H, or 66H to the Accumulator, depending on initial Accumulator and 
PSW conditions. 

Note: DA A cannot simply convert a hexadecimal number in the Accumulator to BCD notation, nor does 
DA A apply to decimal subtraction. 

Example: The Accumulator holds the value 56H (01 01 011 OB) representing the packed BCD digits of the decimal 

number 56. Register 3 contains the value 67H (01100111 B) representing the packed BCD digits of the 
decimal number 67. The carry flag is set.. The instruction sequence, 

ADDC A.R3 

DA A 

will first perform a standard two’s-complement binary addition, resulting in the value OBEH (1011111 OB) in 
the Accumulator. The carry and auxiliary carry flags will be cleared. 

The Decimal Adjust instruction will then alter the Accumulator to the value 24H (001 001 OOB), indicating the 
packed BCD digits of the decimal number 24, the low-order two digits of the decimal sum of 56, 67, and 
the carry-in. The carry flag will be set by the Decimal Adjust instruction, indicating that a decimal overflow 
occurred. The true sum 56, 67, and 1 is 124. 

BCD variables can be incremented or decremented by adding 01 H or 99H. If the Accumulator initially 
holds 30H (representing the digits of 30 decimal), the the instruction sequence, 

ADD A.#99H 

DA A 

will leave the carry set and 29H in the Accumulator, since 30 -t- 99 = 129. The low-order byte of the sum 
can be interpreted to mean 30 - 1 = 29. 

Bytes: 

Cycles: 

Encoding: 

Operation: DA 

-contents of Accumulator are BCD 
IF [[(A3.o)>9]v[(AC) = 1]] 

THEN(A 3 .o) (A 3 . 0 ) + 6 
AND 

IF [[(A7^)>9]v[(C) = 1]] 

THEN(A7-4) {A 7 - 4 ) + 6 
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CPL A 


Function: 

Complement Accumulator 

Description: 

Each bit of the Accumulator is logically complemented (one’s complement). Bits which previously 
contained a one are changed to a zero and vice-versa. No flags are affected. 

Example: 

The Accumulator contains 5CH (01011100B). The instruction, 

CPL A 

will leave the Accumulator set to 0A3H (101 0001 1B). 

Bytes: 

1 

Cycles: 

1 

Encoding: 

1111 0 10 0 

Operation: 

CPL 

(A)<-1 (A) 


CPL bit 

Function: 

Complement bit 




Description: 

The bit variable specified is complemented. A bit which had been a one is changed to zero and vice-versa. 
No other flags are affected. CLR can operate on the carry or any directly addressable bit. 


A/ofe; When this instruction is used to modify an output pin, the value used as the original data will be read 
from the output data latch, not the input pin. 

Example: 

Port 1 has previously been written with SDH (010111 01 B). The instruction sequence, 


CPL P1.1 





CPL PI. 2 





will leave the port set to 5BH (01 01 1 01 1 B), 

CPL C 





Bytes: 

1 




Cycles: 

1 




Encoding: | 

10 11 

0 0 11 

I 


Operation: 

CPL 

(C)<-1 (C) 




CPL bit 





Bytes: 

2 




Cycles: 

1 




Encoding: | 

10 11 

0 0 10 


bit address 

Operation: 

CPL 

(b'it)f-1 (bit) 
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CLR A 

Function: Clear Accumulator 

Description: The Accumulator is cleared (all bits reset to zero). No flags are affected. 

Example: The Accumulator contains 5CH (01011100B). The instruction, 

CLR A 

will leave the Accumulator set to OOH (OOOOOOOOB). 

Bytes: 1 

Cycles: 1 


Encoding: 


1110 


Operation: CLR 

(A)^ 


CLR bit 

Function: Clear bit 

Description: The indicated bit is cleared (reset to zero). No other flags are affected. CLR can operate on the carry flag 

or any directly addressable bit. 

Example: Port 1 has previously been written with SDH (01 01 11 01 B). The Instruction, 

CLR PI. 2 

will leave the port set to 59H (01 01 1 001 B). 

CLR C 

Bytes: 1 

Cycles: 1 

Encoding: Q Q 0 0 11 

Operation: CLR 

(C)^0 


Bytes: 2 

Cycles: 1 

Encoding: e: 

Operation: CLR 


1 1 0 0 0 0 1 0 


bit address 
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CJNE A,#data,rel 
Bytes: 3 
Cycles: 2 


Encoding: 

10 11 

0 10 0 


immediate data 

Operation: 

(PC) <- (PC) + 3 

IF (A) <> data 

THEN 

(PC) <— (PC) + relative offset 

IF (A) < data 

THEN 

(C)^1 

ELSE 

(C)^0 

CJNE Rn,#data,rel 




Bytes: 

3 




Cycles: 

2 




Encoding: | 

10 11 

1 r r r 


immediate data 

Operation: 

(PC) ^ (PC) + 3 

IF (Rn) < > data 

THEN 

(PC) <— (PC) + relative offset 

IF (Rp) < data 

THEN 

(C)^1 

ELSE 

(C)<-0 

CJNE @Ri,#data,rel 




Bytes: 

3 




Cycles: 

2 




Encoding: { 

10 11 

0 1 1 i 

I 1 

immediate data 

Operation: 

(PC) <- (PC) + 3 





IF {(Ri)) < > data 
THEN 

(PC) (PC) + relative offset 

IF((Ri))< data 
THEN 


ELSE 


{C)i 

{C)< 


rel. address 


rel. address 


rel. address 
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CJNE <dest-byte>,<src-byte>,rel 


Function: Compare and Jump if Not Equal 


Description: 


Example: 


CJNE compares the magnitudes of the first two operands, and branches if their values are not equal. The 
branch destination is computed by adding the signed relative-displacement in the last instruction byte to 
the PC, after incrementing the PC to the start of the next instruction. The carry flag Is set if the unsigned 
integer value of <dest-byte> is less than the unsigned integer value of <src-byte>; othenwise, the carry is 
cleared. Neither operand is affected. 

The first two operands allow four addressing mode combinations: the Accumulator may be compared with 
any directly addressed byte or immediate data, and any indirect RAM location or working register can be 
compared with an immediate constant. 


The Accumulator contains 34H. Register 7 contains 56H. The first instruction in the sequence, 
CJNE R7,#60H,NOT_EQ 

R7 = 60H. 

NOT_EQ JC REQ_LOW ; IFR7<60H. 

R7>60H. 


sets the carry flag and branches to the instruction at label NOT_EQ. By testing the carry flag, this 
instruction determines whether R7 is greater or less than 60H. 

If the data being presented to Port 1 is also 34H, then the instruction, 

WAIT: CJNE A,P1,WAIT 


clears the carry flag and continues with the next instruction in sequence, since the Accumulator does equal 
the data read from P1 . (If some other value was being input on P1 , the program will loop at this point until 
the PI data changes to 34H.) 


CJNE A, direct, rel 
Bytes: 3 

Cycles: 2 


Encoding: 

Operation: 


10 11 

0 10 1 


direct address 


rel. address 


(PC) (PC) -F 3 
IF (A) <> (direct) 

THEN 

(PC) <— (PC) + relative offset 

IF (A) < (direct) 

THEN. 

1 


0 


ELSE 


(C)< 

(C)< 
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ANL C,<src-bit> 

Function: Logical-AND for bit variables 

Description: If the Boolean value of the source bit is a logical 0 then clear the carry flag; otherwise leave the carry flag 

in its current state. A slash (T) preceding the operand in the assembly language indicates that the logical 
complement of the addressed bit is used as the source value, but the source bit itself is not affected. No 
other flags are affected. 

Only direct addressing is allowed for the source operand. 

Example: Set the carry flag if, and only if, P1 .0 = 1 , ACC.7 = 1 , and OV = 0; 

MOV C.P1 .0 ;LOAD CARRY WITH INPUT PIN STATE 

ANL C,ACC.7;AND CARRY WITH ACCUM. BIT 7 

ANL C,/OV ;AND WITH INVERSE OF OVERFLOW FLAG 


ANL C,bit 

Bytes: 
Cycles : 

Encoding: 

Operation: 

ANL C,/bit 
Bytes: 
Cycles: 

Encoding: 

Operation: 


2 

2 


10 0 0 

0 0 10 


bit address 

ANL 

(C) <- (C) A (bit) 


2 




2 




10 11 

0 0 0 0 


bit address 


ANL 

(C) <- (C) A 1 (bit) 
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ANL A,Rn 


Bytes: 1 

Cycles: 1 


Encoding: 

0 10 1 

[I 

r 

r 

zz 

Operation: 

ANL 

(A)^{A)A(Rn) 





ANL A, direct 






Bytes: 

2 





Cycles: 

1 





Encoding: 

0 10 1 1 

IZ 

1 

0 

Z] 

Operation: 

ANL 

(A) <- (A) A (direct) 




ANL A,@Ri 






Bytes: 

1 





Cycles: 

1 





Encoding: 

0 10 1 

rz 

1 

1 

HI 

Operation: 

ANL 

(A) <- (A) A ((Ri)) 




ANL A,#data 






Bytes: 

2 





Cycles: 

1 





Encoding: | 

0 10 1 

1° 

1 

0 

Z] 

Operation: 

ANL 

(A) (A) A #data 




ANL direct, A 






Bytes: 

2 





Cycles: 

1 





Encoding: | 

0 10 1 

Ll 

0 

1 


Operation: 

ANL 

(A) <— (direct) a i 

(A) 




ANL direct,#data 





Bytes: 

3 





Cycles: 

2 





Encoding: | 

0 10 1 

[Z 

0 

1 

Z1 


Operation: ANL 

(direct) ^(direct) a #data 


direct address 


immediate data 


direct address 


direct address 


immediate data 
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AJMP addril 

Function: Absolute Jump 

Description: AJMP transfers program execution to the indicated address, which is formed at run-time by concatenating 

the high-order five bits of the PC (a/fer incrementing the PC twice), opcode bits 7-5, and the second byte 
of the instruction. The destination must therefore be within the same 2k block of program memory as the 
first byte of the instruction following AJMP. 

Example: The label “JMPADR” is at program memory location 0123H. The instruction, 

AJMP JMPADR 

is at location 0345H and will load the PC with 0123H. 

Bytes: 

Cycles: 

Encoding: 

Operation: AJMP 

(PC) ^ (PC) + 2 
(PC 10 - 0 ) page address 


ANL <dest-byte>,<src-byte> 

Function: Logical- AND for byte variables 

Description: ANL performs the bitwise logical-AND operation between the variables indicated and stores the results in 

the destination variable. No flags are affected. 

The two operands allow six addressing mode combinations. When the destination is the Accumulator, the 
source can use register, direct, register-indirect, or immediate addressing; when the destination is a direct 
address, the source can be the Accumulator or immediate data. 

A/ofe; When this instruction is used to modify an output port, the value used as the original port data will be 
read from the output data latch, nof the input pins. 

Example: If the Accumulator holds 0C3H (1 1 00001 1 B) and register 0 holds 55H (01 010101 B) then the instruction, 

ANL A,R0 

will leave 41 H (01 000001 B) in the Accumulator. 

When the destination is a directly addressed byte, this instruction will clear combinations of bits in any 
RAM location or hardware register. The mask byte determining the pattern of bits to be cleared would 
either be a constant contained in the instruction or a value computed in the Accumulator at run-time. The 
instruction, 

ANL P1,#0111001B 

will clear bits 7, 3, and 2 of output port 1 . 
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ADDC A,<src-byte> 

Function: Add with Carry 

Description: ADDC simultaneously adds the byte variable Indicated, the carry flag and the Accumulator contents, 

leaving the result in the Accumulator. The carry and auxiliary-carry flags are set, respectively, if there is a 
carry-out from bit 7 or bit 3, and cleared othenwise. When adding unsigned integers, the carry flag 
indicates an overflow occurred. 

OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but not out of bit 6; 
otherwise OV is cleared. When adding signed integers, OV indicates a negative number produced as the 
sum of two positive operands, or a positive sum from two negative operands. 

Four source operand addressing modes are allowed; register, direct, register-indirect, or immediate. 

Example: The Accumulator holds 0C3H (11 00001 1B) and register 0 holds OAAH (101 01 01 OB) with the carry flag set. 
The instruction, 

ADDC A,R0 

will leave 6EH (01 101 11 OB) in the Accumulator with AC cleared and both the Carry flag and OV set to 1. 


ADDC A,Rn 
Bytes: 

Cycles: 

Encoding: 

Operation: ADDC 

(A)<-(A) + (C)-F(Rn) 

ADDC A, direct 
Bytes: 

Cycles: 

Encoding: 

Operation: ADDC 

(A) <— (A) + (C) + (direct) 

ADDC A,@Ri 
Bytes: 

Cycles: 

Encoding: 

Operation: ADDC 

(A)^(A) + (C) + ((Ri)) 

ADDC A,#data 
Bytes: 

Cycles: 

Encoding: 

Operation: ADDC 

(A) <- (A) + (C) + #data 


2 

1 

|o 0 1 1 I 0 1 0 0 


1 

1 

fo 0 ~ To i ~ 


2 

1 

fo 0 ~ To i 0 ^ 


1 

1 

|o 0 1 1 I 1 r ~ 


direct address 


immediate data 
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ADD A,<src-byte> 

Function; Add 

Description: ADD adds the byte variable indicated to the Accumulator, leaving the result in the Accumulator. The carry 

and auxiliary-carry flags are set, respectively, if there is a carry-out from bit 7 or bit 3, and cleared 
otherwise. When adding unsigned integers, the carry flag indicates an overflow occurred. 

OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but not bit 6; otherwise OV 
is cleared. When adding signed integers, OV indicates a negative number produced as the sum of two 
positive operands, or a positive sum from two negative operands. 

Four source operand addressing modes are allowed: register, direct, register-indirect, or immediate. 
Example: The Accumulator holds 0C3H (11000011 B) and register 0 holds OAAH (101 01 01 OB). The instruction. 

ADD A,R0 

will leave 6DH (01 1 011 01 B) In the Accumulator with the AC flag cleared and both the Carry flag and OV 
set to 1 . 


ADD A,Rn 

Bytes: 1 

Cycles; 1 

Encoding: [f 


0 0 1 0 1 r r r 


Operation: ADD 

(A) ^ (A) -F (R,) 

ADD A, direct 

Bytes: 2 

Cycles: 1 

Encoding: Q Q Q Q 10 1 

Operation: ADD 

(A) <— (A) -F (direct) 

ADD A,@Ri 

Bytes: 1 

Cycles: 1 


direct address 


Encoding: 


0 0 1 0 0 1 1 i 


Operation: ADD 

(A) ^ (A) -F ((Ri)) 

ADD A,#data 

Bytes: 2 

Cycles: 1 


0 0 1 0 0 1 0 0 


Encoding: I Q Q ' Q I ^ 

Operation: ADD 

(A) <— (A) -F #data 


immediate data 
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INSTRUCTION DEFINITIONS 

ACAU addrH 

Function: Absolute Cali 

Description: ACALL unconditionally calls a subroutine located at the indicated address. The instruction increments the 

PC twice to obtain the address of the following instruction, then pushes the 1 6-bit result onto the stack 
(low-order byte first) and increments the Stack Pointer twice. The destination address is obtained by 
successively concatenating the five high-order bits of the incremented PC, opcode bits 7-5, and the 
second byte of the instruction. The subroutine called must therefore start within the same 2k block of the 
program memory as the first byte of the instruction following ACALL. No flags are affected. 

Example: Initially SP equals 07H. The label “SUBRTN” is at program memory location 0345 H. After executing the 

instruction, 

ACALL SUBRTN 

at location 0123H, SP will contain 09H, internal RAM locations OSH and 09H will contain 25H and 01 H, 
respectively, and the PC will contain 0345H. 

Bytes: 2 

Cycles: 2 

Encoding: 

Operation: ACALL 

(PC) <- (PC) + 2 
(SP) <- (SP) + 1 
(SP) ^ (PCy-o) 

(SP) ^ (SP) + 1 
(SP) f- (PCi5-s) 

(PC 10 - 0 ) <— page address 


a7 a6 a5 a4 a3 a2 a1 aO 
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Table 7. 

80C51 Instruction Set Summary (Continued) 




MNEMONIC 

DESCRIPTION 

BYTE 

OSCILLATOR 

PERIOD 

1 BOOLEAN VARIABLE MANIPULATION (Continued) 



JB 

rel 

Jump if direct bit is set 

2 

24 

JNB 

rel 

Jump if direct bit is not set 

2 

24 

JBC 

bit, rel 

Jump if direct bit is set and clear bit 

3 

24 

PROGRAM BRANCHING 




ACALL 

addri 1 

Absolute subroutine call 

2 

24 

LCALL 

addri 6 

Long subroutine call 

3 

24 

RET 


Return from subroutine 

1 

24 

RET! 


Return from interrupt 

1 

24 

AJMP 

addri 1 

Absolute jump 

2 

24 

LUMP 

addri 6 

Long jump 

3 

24 

SJMP 

rel 

Short jump (relative addr) 

2 

24 

JMP 

@A+DPTR 

Jump indirect relative to the DPTR 

1 

24 

JZ 

rel 

Jump if Accumulator is zero 

2 

24 

JNZ 

rel 

Jump if Accumulator is not zero 

2 

24 

CJNE 

A.direct.rel 

Compare direct byte to Acc and jump if not equal 

3 

24 

CJNE 

A,#data,rel 

Compare immediate to Acc and jump if not equal 

3 

24 

CJNE 

RN.#data,rel 

Compare immediate to register and jump if not 
equal 

3 

24 

CJNE 

@Ri,#data,rel 

Compare immediate to indirect and jump if not 
equal 

3 

24 

DJNZ 

Rn.rel 

Decrement register and jump if not zero 

2 

24 

DJNZ 

direct, rel 

Decrement direct byte and jump if not zero 

3 

24 

NOP 


No operation 

1 

12 
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Table 7. 

80C51 Instruction Set Summary (Continued) 




MNEMONIC 

DESCRIPTION 

BYTE 

OSCILLATOR 

PERIOD 

I DATA TRANSFER (Continued) 




MOV 

A,#data 

Move immediate data to Accumulator 

2 

12 

MOV 

Rn,A 

Move Accumulator to register 

1 

12 

MOV 

Rn, direct 

Move direct byte to register 

2 

24 

MOV 

RN.#data 

Move immediate data to register 

2 

12 

MOV 

direct, A 

Move Accumulator to direct byte 

2 

12 

MOV 

direct, Rn 

Move register to direct byte 

2 

24 

MOV 

direct,direct 

Move direct byte to direct 

3 

24 

MOV 

direct,(a>Ri 

Move indirect RAM to direct byte 

2 

24 

MOV 

direct, #data 

Move immediate data to direct byte 

3 

24 

MOV 

(§>Ri,A 

Move Accumulator to Indirect RAM 

1 

12 

MOV 

(g>RI, direct 

Move direct byte to indirect RAM 

2 

24 

MOV 

@Ri,#data 

Move immediate data to Indirect RAM 

2 

12 

MOV 

DPTR,#data16 

Load Data Pointer with a 16-bit constant 

3 

24 

Move 

A,(S>A+DPTR 

Move Code byte relative to DPTR to Acc 

1 

24 

Move 

A,(a)A+PC 

Move Code byte relative to PC to Acc 

1 

24 

MOVX 

A,@Ri 

Move external RAM (8-bit addr) to Acc 

1 

24 

MOVX 

A(2>DPTR 

Move external RAM (16-bit addr) to Acc 

1 

24 

MOVX 

A,@Ri,A 

Move Acc to external RAM (8-bit addr) 

1 

24 

MOVX 

(2>DPTR,A 

Move Acc to external RAM (16-bit addr) 

1 

24 

PUSH 

direct 

Push direct byte onto stack 

2 

24 

POP 

direct 

Pop direct byte from stack 

2 

24 

XCH 

A.Rn 

Exchange register with Accumulator 

1 

12 

XCH 

A,direct 

Exchange direct byte with Accumulator 

2 

12 

XCH 

A,<§)Ri 

Exchange indirect RAM with Accumulator 

1 

12 

XCHD 

A,<a>Ri 

Exchange low-order digit indirect RAM with Acc 

1 

12 

BOOLEAN VARIABLE MANIPULATION 




CLR 

C 

Clear carry 

1 

12 

CLR 

bit 

Clear direct bit 

2 

12 

SETB 

C 

Set carry 

1 

12 

SETB 

bit 

Set direct bit 

2 

12 

CPL 

C 

Complement carry 

1 

12 

CPL 

bit 

Complement direct bit 

2 

12 

ANL 

C,bit 

AND direct bit to carry 

2 

24 

ANL 

C./bit 

AND complement of direct bit to carry 

2 

24 

ORL 

C,bit 

OR direct bit to carry 

2 

24 

ORL 

C,/bit 

OR complement of direct bit to carry 

2 

24 

MOV 

C,bit 

Move direct bit to carry 

2 

12 

MOV 

bit,C 

Move carry to direct bit 

2 

24 

JC 

rel 

Jump if carry is set 

2 

24 

JNC 

rel 

Jump if carry not set 

2 

24 
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Table 7. 

80C51 Instruction Set Summary (Continued) 




MNEMONIC 

DESCRIPTION 

BYTE 

OSCILLATOR 

PERIOD 

I ARITHMETIC OPERATIONS (Continued) 



INC 

direct 

Increment direct byte 

2 

12 

INC 

<§>Ri 

Increment indirect RAM 

1 

12 

DEC 

A 

Decrement Accumulator 

1 

12 

DEC 

Rn 

Decrement Register 

1 

12 

DEC 

direct 

Decrement direct byte 

2 

12 

DEC 

@Ri 

Decrement indirect RAM 

1 

12 

INC 

DPTR 

Increment Data Pointer 

1 

24 

MUL 

AB 

Multiply A and B 

1 

48 

DIV 

AB 

Divide A by B 

1 

48 

DA 

A 

Decimal Adjust Accumulator 

1 

12 

LOGICAL OPERATIONS 




ANL 

A.Rn 

AND Register to Accumulator 

1 

12 

ANL 

A.direct 

AND direct byte to Accumulator 

2 

12 

ANL 

A,<3>Ri 

AND indirect RAM to Accumulator 

1 

12 

ANL 

A,#data 

AND immediate data to Accumulator 

2 

12 

ANL 

direct, A 

AND Accumulator to direct byte 

2 

12 

ANL 

direct, #data 

AND immediate data to direct byte 

3 

24 

ORL 

A,Rn 

OR register to Accumulator 

1 

12 

ORL 

A,direct 

OR direct byte to Accumulator 

2 

12 

ORL 

A,@Ri 

OR indirect RAM to Accumulator 

1 

12 

ORL 

A,#data 

OR immediate data to Accumulator 

2 

12 

ORL 

direct, A 

OR Accumulator to direct byte 

2 

12 

ORL 

direct,#data 

OR immediate data to direct byte 

3 

24 

XRL 

A.Rn 

Exclusive-OR register to Accumulator 

1 

12 

XRL 

A.direct 

Exclusive-OR direct byte to Accumulator 

2 

12 

XRL 

A,@Ri 

Exclusive-OR indirect RAM to Accumulator 

1 

12 

XRL 

A,#data 

Exclusive-OR immediate data to Accumulator 

2 

12 

XRL 

direct, A 

Exclusive-OR Accumulator to direct byte 

2 

12 

XRL 

direct,#data 

Exclusive-OR immediate data to direct byte 

3 

24 

CLR 

A 

Clear Accumulator 

1 

12 

CPL 

A 

Complement Accumulator 

1 

12 

RL 

A 

Rotate Accumulator left 

1 

12 

RLC 

A 

Rotate Accumulator left through the carry 

1 

12 

RR 

A 

Rotate Accumulator right 

1 

12 

RRC 

A 

Rotate Accumulator right through the carry 

1 

12 

SWAP 

A 

Swap nibbles within the Accumulator 

1 

12 

DATA TRANSFER 




MOV 

A.Rn 

Move register to Accumulator 

1 

12 

MOV 

A.direct 

Move direct byte to Accumulator 

2 

12 

MOV 

A,<§)Ri 

Move indirect RAM to Accumulator 

1 

12 


All mnemonics copyrighted © Intel Corporation 1980 


March 1993 


61 




Philips Semiconductors 80C51 -Based 8-Bit Microcontrollers 


80C51 Family 


80C51 family programmer’s guide 
and instruction set 


80C51 FAMILY INSTRUCTION SET 


Table 7. 80C51 Instruction Set Summary 


Interrupt Response Time; Refer to Hardware Description Chapter. 
Instructions that Affect Flag Settings^^^ 

Instruction Flag Instruction Fiag 


C OV AC 
XX X 


CLRC 
CPLC 
ANLC.bit 
ANL C./bit 
ANLC.bit 
ORL C,/bit 
MOV C.bit 
CJNE 


C OV AC 
0 
X 
X 
X 
X 
X 
X 
X 


(^^Note that operations on SFR byte address 208 or bit addresses 209-215 (i.e., the PSW or bits in the PSW) will also affect flag settings. 


(2)Ri 
#data 
#data16 
addr 16 


Notes on instruction set and addressing modes: 

Register R7-R0 of the currently selected Register Bank. 

8-bit internal data location’s address. This could be an Internal Data RAM location (0-127) or a SFR [i.e., I/O port, 
control register, status register, etc. (128-255)]. 

8-bit internal data RAM location (0-255) addressed indirectly through register R1 or RO. 

8-bit constant included in the instruction. 

16-bit constant included in the instruction 

16-bit destination address. Used by LCALL and LJMP. A branch can be anywhere within the 64k-byte Program 
Memory address space. 

11 -bit destination address. Used by ACALL and AJMP. The branch will be within the same 2k-byte page of 
program memory as the first byte of the following instruction. 

Signed (two’s complement) 8-bit offset byte. Used by SJMP and all conditional jumps. Range is -1 28 to +127 
bytes relative to first byte of the following instruction. 


Direct Addressed bit in Internal Data RAM or Special Function Register. 
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USING TIMER/COUNTER 1 TO GENERATE BAUD RATES: 


For this purpose, Timer 1 is used in mode 2 (Auto-Reload). Refer to Timer Setup section of this chapter. 


Baud Rate = 


K X Osc Freq 
32 X 12 X [256 - (TH1)] 


If SMOD = 0,thenK=:1. 

If SMOD = 1, then K = 2 (SMOD is in the PCON register). 

Most of the time the user knows the baud rate and needs to know the reload value for TH1 . 

TH1 = 256 - KX Osc Freq 
384 X baud rate 

TH1 must be an integer value. Rounding off TH1 to the nearest integer may not produce the desired baud rate. In this case, the 
user may have to choose another crystal frequency. 

Since the PCON register is not bit addressable, one way to set the bit is logical ORing the PCON register (i.e., ORL 
PCON.#80H). The address of PCON is 87H. 


SERIAL PORT IN MODE 2; 

The baud rate is fixed in this mode and is 1/32 or 1/64 of the oscillator frequency, depending on the value of the SMOD bit in the 
PCON register. 

In this mode none of the Timers are used and the clock comes from the internal phase 2 clock. 

SMOD = 1 , Baud Rate = 1/32 Osc Freq. 

SMOD = 0, Baude Rate = 1/64 Osc Freq. 

To set the SMOD bit; ORL PCON,#80H. The address of PCON is 87H. 

SERIAL PORT IN MODE 3: 

The baud rate in mode 3 is variable and sets up exactly the same as in mode 1. 
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SCON: SERIAL PORT CONTROL REGISTER. BIT ADDRESSABLE. 


SMO 

SM1 

SM2 

REN 

TBS 

RB8 

TI 

Rl 


SMO 

SMI 

SM2 

REN 

TBS 

RB8 

TI 

Rl 


SCON.7 Serial Port mode specifier. (NOTE 1) 

SCON.6 Serial Port mode specifier. (NOTE 1) 

SCON.5 Enables the multiprocessor communication feature in modes 2 & 3. In mode 2 or 3, if SM2 is set to 1 then 

Rl will not be activated if the received 9th data bit (RB8) is 0. In mode 1 , if SM2 = 1 then Rl will not be 

activated if a valid stop bit was not received. In mode 0, SM2 should be 0. (See Table 6.) 

SCON.4 Set/Cleared by software to Enable/Disable reception. 

SCON.3 The 9th bit that will be transmitted in modes 2 & 3. Set/Cleared by software. 

SCON.2 In modes 2 & 3, is the 9th data bit that was received. In mode 1 , if SM2 = 0, RB8 is the stop bit that was 

received. In mode 0, RB8 is not used. 

SCON.1 Transmit interrupt flag. Set by hardware at the end of the 8th bit time in mode 0, or at the beginning of the 
stop bit in the other modes. Must be cleared by software. 

SCON.O Receive interrupt flag. Set by hardware at the end of the 8th bit time in mode 0, or halfway through the 
stop bit time in the other modes (except see SM2). Must be cleared by software. 


NOTE 1 : 


SMO 

SMI 

Mode 

Description 

Baud Rate 

0 

0 

0 

Shift Register 

F0SC./12 

0 

1 

1 

8-bit UART 

Variable 

1 

0 

2 

9-bit UART 

Fosc./64 or F0SC./32 

1 

1 

3 

9-bit UART 

Variable 


SERIAL PORT SET-UP: 
Table 6. 


MODE 

SCON 

SM2 VARIATION 

0 

1 

2 

3 

10H 

50H 

90H 

DOH 

Single Processor 

Environment 
(SM2 = 0) 

0 

1 

2 

3 

NA 

70H 

BOH 

FOH 

Multiprocessor 

Environment 
(SM2 = 1) 


GENERATING BAUD RATES 


Serial Port in Mode 0: 


Mode 0 has a fixed baud rate which is 1/12 of the oscillator frequency. To run the serial port in this mode none of the 
Timer/Counters need to be set up. Only the SCON register needs to be defined. 


Baud Rate = 


Osc Freq 
12 


Seriai Port in Mode 1 : 

Mode 1 has a variable baud rate. The baud rate is generated by Timer 1 . 
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TIMER/COUNTER 1 
Table 4. As a Timer: 


MODE 

TIMER 1 

FUNCTION 

TMOD 

INTERNAL 

CONTROL 
(NOTE 1) 

EXTERNAL 

CONTROL 
(NOTE 2) 

0 

13-bit Timer 

OOH 

80H 

1 

1 6-bit Timer 

10H 

90H 

2 

8-bit Auto-Reload 

20H 

AOH 

3 

Does not run 

30H 

BOH 


Table 5. As a Counter: 


MODE 

COUNTER 1 

FUNCTION 

TMOD 

INTERNAL 

CONTROL 
(NOTE 1) 

EXTERNAL 

CONTROL 
(NOTE 2) 

0 

13-bit Timer 

40H 

COH 

1 

16-bit Timer 

50H 

DOH 

2 

8-bit Auto-Reload 

60H 

EOH 

3 

Not available 

- 

- 


NOTES: 

1 . The timer is turned ON/OFF by setting/clearing bit TR1 in the software. 

2. The Timer is turned ON/OFF by the 1-to-O transition on iNTI {P3.2) when TR1 = 1 (hardware control). 


March 1993 


57 








Philips Semiconductors 80C51 -Based 8-Bit Microcontrollers 


80C51 Family 


80C51 family programmer’s guide 
and instruction set 


TIMER SET-UP 

Tables 2 through 5 give some values for TMOD which can be used to set up Timer 0 in different modes. 

It Is assumed that only one timer is being used at a time. If it is desired to run Timers 0 and 1 simultaneously, in any mode, the 
value in TMOD for Tmer 0 must be ORed with the value shown for Timer 1 (Tables 5 and 6). 

For example, if it is desired to run Tmer 0 in mode 1 GATE (external control), and Timer 1 in mode 2 COUNTER, then the value 
that must be loaded into TMOD is 69H (09H from Table 3 ORed with 60H from Table 6). 

Moreover, it is assumed that the user, at this point, is not ready to turn the timers on and will do that at a different point in the 
program by setting bit TRx (in TCON) to 1. 


TIMER/COUNTER 0 
Table 2. As a Timer: 


MODE 

TIMER 0 

FUNCTION 

TMOD 

INTERNAL 

CONTROL 
(NOTE 1) 

EXTERNAL 

CONTROL 
(NOTE 2) 

0 

1 3-bit Tmer 

OOH 

OSH 

1 

16-bit Tmer 

01 H 

09H 

2 

8-bit Auto-Reload 

02H 

OAH 


Two 8-bit Tmers 

03H 

OBH 


Table 3. As a Counter: 


MODE 

COUNTER 0 

FUNCTION 

TMOD 

INTERNAL 

CONTROL 
(NOTE 1) 

EXTERNAL 

CONTROL 
(NOTE 2) 

0 

13-bit Tmer 

04H 

OCH 

1 

1 6-bit Tmer 

OSH 

ODH 

2 

8-bit Auto-Reload 

06H 

OEH 

3 

One 8-bit Counter 

07H 

OFH 


NOTES: 

1 . The timer is turned ON/OFF by setting/clearing bit TRO in the software. 

2. The Tmer is turned ON/OFF by the 1 -to-0 transition on INTO (P3.2) when TRO = 1 (hardware control). 
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ICON: TIMER/COUNTER CONTROL REGISTER. BIT ADDRESSABLE. 



TF1 TCON.7 Timer 1 overflow flag. Set by hardware when the Timer/Counter 1 overflows. Cleared by hardware as 

processor vectors to the interrupt service routine. 

TR1 TCON.6 Timer 1 run control bit. Set/cleared by software to turn Timer/Counter 1 ON/OFF. 

TFO TCON.5 Timer 0 overflow flag. Set by hardware when the Timer/Counter 0 overflows. Cleared by hardware as 

processor vectors to the service routine. 

TRO TCON.4 Timer 0 run control bit. Set/cleared by software to turn Timer/Counter 0 ON/OFF. 

IE1 TCON.3 External Interrupt 1 edge flag. Set by hardware when External Interrupt edge is detected. Cleared by 

hardware when interrupt is processed. 

IT1 TCON.2 Interrupt 1 type control bit. Set/cleared by software to specify falling edge/low level triggered External 

Interrupt. 

lEO TCON.1 External Interrupt 0 edge flag. Set by hardware when External Interrupt edge detected. Cleared by 

hardware when interrupt is processed. 

ITO TCON.O Interrupt 0 type control bit. Set/cleared by software to specify falling edge/low level triggered External 

Interrupt. 


TMOD: TIMER/COUNTER MODE CONTROL REGISTER. NOT BIT ADDRESSABLE. 
GATE I C/T I m I MO | GATE i C/T | Ml | MO | 



Timer 1 Timer 0 


GATE When TRx (in TCON) is set and GATE = 1 , TIMER/COUNTERx will run only while INTx pin is high (hardware control). 
When GATE = 0, TIMER/COUNTERx will run only while TRx = 1 (software control). 

C/T Timer or Counter selector. Cleared for Timer operation (input from internal system clock). Set for Counter operation 

(input from Tx input pin). 

Ml Mode selector bit. (NOTE 1) 


MO Mode selector bit. (NOTE 1) 

NOTE1: 


Ml 

MO 

Operating Mode 

0 

0 

0 

13-bit Timer (8048 compatible) 

0 

1 

1 

16-bit Timer/Counter 

1 

0 

2 

8-bit Auto-Reload Timer/Counter 

1 

1 

3 

(Timer 0) TLO is an 8-bit Timer/Counter controlled by the standart Timer 0 
control bits. THO is an8-bit Timer and is controlled by Timer 1 control bits. 

1 

1 

3 

(Timer 1 ) Timer/Counter 1 stopped. 
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ASSIGNING HIGHER PRIORITY TO ONE OR MORE INTERRUPTS: 

In order to assign higher priority to an interrupt the corresponding bit in the IP register must be set to 1 . 

Remember that while an interrupt service is in progress, it cannot be interrupted by a lower or same level interrupt. 

PRIORITY WITHIN LEVEL: 

Priority within level is only to resolve simultaneous requests of the same priority level. 

From high to low, interrupt sources are listed below: 

lEO 

TFO 

IE1 

TF1 

Rl orTI 

IP: INTERRUPT PRIORITY REGISTER. BIT ADDRESSABLE. 

If the bit is 0, the corresponding interrupt has a lower priority and if the bit is 1 the corresponding interrupt has a higher priority. 


- 

- 

- 

PS 

PT1 

PX1 

PTO 

PXO 


- 

IP.7 

Not implemented, reserved for future use.* 

- 

IP.6 

Not implemented, reserved for future use.* 

- 

IP.5 

Not implemented, reserved for future use.* 

PS 

IP.4 

Defines the Serial Port interrupt priority level. 

PT1 

IP.3 

Defines the Timer 1 interrupt priority level. 

PX1 

IP.2 

Defines External Interrupt 1 priority level. 

PTO 

IP.1 

Defines the Timer 0 interrupt priority level. 

PXO 

IP.O 

Defines the External Interrupt 0 priority level. 


User software should not write 1 s to reserved bits. These bits may be used in future 80C51 products to invoke new features. 
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INTERRUPTS: 

To use any of the interrupts in the 80C51 Family, the following three steps must be taken. 

1. Set the EA (enable all) bit in the IE register to 1. 

2. Set the corresponding individual interrupt enable bit in the IE register to 1. 

3. Begin the interrupt service routine at the corresponding Vector Address of that interrupt. See Table below. 


INTERRUPT SOURCE 

VECTOR ADDRESS 

lEO 

0003H 

TFO 

OOOBH 

IE1 

0013H 

TF1 

001BH 

RI&TI 

0023H 


In addition, for external interrupts, pins INTO and INT1 (P3.2 and P3.3) must be set to 1 , and depending on whether the interrupt 
is to be level or transition activated, bits ITO or IT1 in the TCON register may need to be set to 1. 

ITx = 0 level activated 
ITx = 1 transition activated 

IE: INTERRUPT ENABLE REGISTER. BIT ADDRESSABLE. 

If the bit is 0, the corresponding interrupt is disabled. If the bit is 1, the corresponding interrupt is enabled. 


EA 

- 

- 

ES 

ET1 

EX1 

ETO 

EXO 


EA 

1E.7 

Disables all interrupts. If EA = 0, no interrupt will be acknowledged. If EA = 1 , each interrupt source is 
individually enabled or disabled by setting or clearing its enable bit. 

— 

IE.6 

Not implemented, reserved for future use.* 

— 

IE.5 

Not implemented, reserved for future use.* 

ES 

IE.4 

Enable or disable the serial port interrupt. 

ET1 

IE.3 

Enable or disable the Timer 1 overflow interrupt. 

EX1 

IE.2 

Enable or disable External Interrupt 1. 

ETO 

IE.1 

Enable or disable the Timer 0 overflow interrupt. 

EXO 

lE.O 

Enable or disable External Interrupt 0. 


* User software should not write 1s to reserved bits. These bits may be used in future 80C51 products to invoke new features. 
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Those SFRs that have their bits assigned for various functions are listed in this section. A brief description of each bit is 
provided for quick reference. For more detailed information refer to the Architecture Chapter of this book. 


PSW: PROGRAM STATUS WORD. BIT ADDRESSABLE. 


CY 

AC 

FO 

RS1 

RSO 

OV 

- 

P 


CY 

PSW.7 

Carry Flag. 

AC 

PSW.6 

Auxiliary Carry Flag. 

FO 

PSW.5 

Flag 0 available to the user for general purpose. 

RSI 

PSW.4 

Register Bank selector bit 1 (SEE NOTE 1). 

RSO 

PSW.3 

Register Bank selector bit 0 (SEE NOTE 1). 

OV 

PSW.2 

Overflow Flag. 

- 

PSW.1 

Usable as a general purpose flag. 

P PSW.O Parity flag. Set/cleared by hardware each instruction cycle to indicate an odd/even number of ‘1 ’ bus in 

the accumulator. 

NOTE: 

1 . The value presented by RSO and RSI selects the corresponding register bank. 


RSI 

RSO 

REGISTER BANK 

ADDRESS 

0 

0 

0 

00H-07H 

0 

1 

1 

08H-0FH 

1 

0 

2 

10H-17H 

1 

1 

3 

18H-1FH 


PCON: POWER CONTROL REGISTER. NOT BIT ADDRESSABLE. 


SMOD 

- 

- 

- 

GF1 

GFO 

PD 

IDL 


SMOD Double baud rate bit. If Timer 1 is used to generate baud rate and SMOD = 1 , the baud rate is doubled when the Serial 
Port is used in modes 1, 2, or 3. 

- Not implemented, reserved for future use.* 

~ Not implemented reserved for future use.* 

- Not implemented reserved for future use.* 

GF1 General purpose flag bit. 

GFO General purpose flag bit. 

PD Power Down Bit. Setting this bit activates Power Down operation in the 80C51 . (Available only in CMOS.) 

IDL Idle mode bit. Setting this bit activates Idle Mode operation in the 80C51 . (Available only in CMOS.) 

If 1s are written to PD and IDL at the same time, PD takes precedence. 

* User software should not write Is to reserved bits. These bits may be used in future 8051 products to Invoke new features. 
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Table 1. 80C51 Special Function Registers 


SYMBOL 

DESCRIPTION 

DIRECT 

ADDRESS 

BIT ADDRESS, SYMBOL. OR ALTERNATIVE PORT FUNCTION 

MSB LSB 

RESET VALUE 

ACC* 

Accumulator 

EOH 

E7 

E6 

E5 

E4 

E3 

E2 

El 

EO 

OOH 

B* 

B register 

FOH 

F7 

F6 

F5 

F4 

F3 

F2 

FI 

FO 

OOH 

DPTR 

Data pointer (2 bytes) 











DPH 

Data pointer high 

83H 









OOH 

DPL 

Data pointer low 

82H 









OOH 




AF 

AE 

AD 

AC 

AB 

AA 

A9 

A8 


IE* 

Interrupt enable 

ASH 

EA 



ES 

ET1 

EX1 

ETO 

EXO 

OxOOOOOOB 




BF 

BE 

BD 

BC 

BB 

BA 

B9 

B8 


IP* 

Interrupt priority 

B8H 

- 



PS 

PT1 

PX1 

PTO 

PXO 

xxOOOOOOB 




87 

86 

85 

84 

83 

82 

81 

80 


PO* 

Porto 

80H 

AD7 

AD6 

AD5 

AD4 

AD3 

AD2 

AD1 

ADO 

FFH 




97 

96 

95 

94 

93 

92 

91 

90 


PI* 

Port 1 

90H 







T2EX 

T2 

FFH 




A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 


P2* 

Port 2 

AOH 

A15 

A14 

A13 

A12 

All 

A10 

A9 

A8 

FFH 




B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 


P3* 

Ports 

BOH 

RE> 

WR 

T1 

TO 

INTT 

INTO 

TxD 

Rxd 

FFH 

PCON^ 

Power control 

87H 

SMOD 

- 

- 


GF1 

GFO 

PD 

IDL 

OxxxxxxxB 




D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 


PSW* 

Program status word 

DOH 

CY 

AC 

FO 

RSI 

RSO 

OV 

- 

P 

OOH 

SBUF 

Serial data buffer 

99H 









xxxxxxxxB 




9F 

9E 

9D 

9C 

9B 

9A 

99 

98 


SCON* 

Serial controller 

98H 

SMO 

SMI 

SM2 

REN 

TBS 

RB8 

Tl 

Rl 

OOH 

SP 

Stack pointer 

81H 









07H 




8F 

8E 

8D 

8C 

8B 

8A 

89 

88 


ICON* 

Timer control 

88H 

TF1 

TR1 

TFO 

TRO 

IE1 

IT1 

lEO 

ITO 


THO 

Timer high 0 

8CH 









OOH 

TH1 

Timer high 1 

SDH 









OOH 

TLO 

Timer low 0 

8AH 









OOH 

TL1 

Timer low 1 

8BH 









OOH 

TMOD 

Timer mode 

89H 

GATE 1 

C/T I 

Ml 1 

MO 1 

GATE 1 

C/T I 

Ml 1 

MO 

OOH 


NOTES: 

* Bit addressable 

1 . Bits GF1 , GFO, PD, and IDL of the PCON register are not implemented on the NMOS 8051/8031 . 
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PROGRAMMER’S GUIDE AND 
INSTRUCTION SET 

MGmory Organization 

Program Memory 

The 80C51 has separate address spaces for 
program and data memory. The Program 
memory can be up to 64k bytes long. The 
lower 4k can reside on-chip. Figure 1 shows 
a map of the 80C51 program memory. 

The 80C51 can address up to 64k bytes of 
data memory to the chip. The MOVX 
instruction is used to access the external data 
memory. 

The 80C51 has 128 bytes of on-chip RAM, 
plus a number of Special Function Registers 
(SFRs). The lower 1 28 bytes of RAM can be 
accessed either by direct addressing (MOV 
data addr) or by indirect addressing (MOV 
@Ri). Figure 2 shows the Data Memory 
organization. 


Direct and Indirect Address Area 

The 128 bytes of RAM which can be 
accessed by both direct and indirect 
addressing can be divided into three 
segments as listed below and shown in 
Figure 3. 

1 . Register Banks 0-3: Locations 0 through 
1 FH (32 bytes). The device after reset 
defaults to register bank 0. To use the 
other register banks, the user must select 
them in software. Each register bank 
contains eight 1 -byte registers 0 through 
7. Reset initializes the stack pointer to 
location 07H, and it is incremented once 
to start from location 08H, which is the 
first register (RO) of the second register 
bank. Thus, in order to use more than one 
register bank, the SP should be Initialized 
to a different location of the RAM where it 
is not used for data storage (I.e., the 
higher part of the RAM). 

2. Bit Addressable Area: 16 bytes have been 
assigned for this segment, 20H-2FH. 


Each one of the 1 28 bits of this segment 
can be directly addressed (0-7FH). The 
bits can be referred to in two ways, both 
of which are acceptable by most 
assemblers. One way is to refer to their 
address (i.e., 0-7FH). The other way is 
with reference to bytes 20H to 2FH. Thus, 
bits 0-7 can also be referred to as bits 

20.0- 20.7, and bits 8-FH are the same as 

21 .0- 21.7, and so on. Eadi of the 16 
bytes in this segment can also be 
addressed as a byte. 

3. Scratch Pad Area: 30H through 7FH are 
available to the user as data RAM. 
However, if the stack pointer has been 
initialized to this area, enough bytes 
should be left aside to prevent SP data 
destruction. 

Figure 2 shows the different segments of the 

on-chip RAM. 


FFFF 

60k 

Bytes 

External 


FFFF 






64k 

Bytes 

External 

1000 



/ 


And 




OFFF 

4k Bytes 

Internal 

J 



0000 



0000 



Figure 1. 80C51 Program Memory 
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Figure 33. External Data Memory Write Cycle 
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Figure 31 . External Program Memory Fetches 


I State 4 I states I State 6 I State 1 I State 2 | States State4 I States I 

Pi I P2 I PI I P2 I Pi I P2 I PI I P2 I PI I P2 I Pi I P2 Pi I P2 I PI I P2 | 

ilMIUUinJlMlMUlM 



Figure 32. External Data Memory Read Cycle 
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To internal 
timing circuits 
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Figure 28. On-Chip Oscillator Circuitry in the CMOS Version of the 80C51 Family 


To internal 
timing circuits 
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Quartz Crystal or 
Ceramic Resonator 


Figure 29. Using the CMOS On-Chip Oscillator 
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Figure 30. Driving the CMOS Family Parts with an External Clock Source 
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Internal Timing 

Figures 31 through 34 show when the various 
strobe and port signals are clocked internally. 
The figures do not show rise and fall times of 
the signals, nor do they show propagation 
delays between the XTAL2 signal and events 
at other pins. 

Rise and fall times are dependent on the 
external loading that each pin must drive. 
They are often taken to be something in the 
neighborhood of 10ns, measured between 
0.8V and 2.0V. 

Propagation delays are different for different 
pins. For a given pin they vary with pin 
loading, temperature, Vcc, and 
manufacturing lot. If the XTAL2 waveform is 
taken as the timing reference, prop delays 
may vary up to ±200%. 

The AC Timings section of the data sheets do 
not reference any timing to the XTAL2 
waveform. Rather, they relate the critical 
edges of control and input signals to each 
other. The timings published in the data 
sheets include the effects of propagation 
delays under the specified test conditions. 

80C51 Pin Descriptions 

ALE/PROG: Address Latch Enable output 
pulse for latching the low byte of the address 
during accesses to external memory. ALE is 
emitted at a constant rate of 1/6 of the 
oscillator frequency, for external timing or 
clocking purposes, even when there are no 
accesses to external memory. (However, one 
ALE pulse is skipped during each access to 


external Data Memory.) This pin is also the 
program pulse input (PROG) during EPROM 
programming. 

PSEN: Program Store Enable is the read 
strobe to external Program Memory. When 
the device is executing out of external 
Program Memory, PSEN is activated twice 
each machine cycle (except that two PSEN 
activations are skipped during accesses to 
external Data Memory). PSEN is not 
activated when the device is executing out of 
internal Program Memory. 

ES/Vpp: When EA is held high the CPU 
executes out of internal Program Memory 
(unless the Program Counter exceeds OFFFH 
in the 80C51). Holding EA low forces the 
CPU to execute out of external memory 
regardless of the Program Counter value. In 
the 80C31 , EA must be externally wired low. 
In the EPROM devices, this pin also receives 
the programming supply voltage (Vpp) during 
EPROM programming. 

XTAL1 : Input to the inverting oscillator 
amplifier. 

XTAL2: Output from the inverting oscillator 
amplifier. 

Port 0: Port 0 is an 8-bit open drain 
bidirectional port. As an open drain output 
port, it can sink eight LS TTL loads. Port 0 
pins that have 1 s written to them float, and in 
that state will function as high impedance 
inputs. Port 0 is also the multiplexed 
low-order address and data bus during 
accesses to external memory. In this 


application it uses strong internal pullups 
when emitting 1s. Port 0 emits code bytes 
during program verification. In this 
application, external pullups are required. 

Port 1 : Port 1 is an 8-bit bidirectional I/O port 
with internal pullups. Port 1 pins that have Is 
written to them are pulled high by the internal 
pullups, and in that state can be used as 
inputs. As inputs, port 1 pins that are 
externally being pulled low will source current 
because of the internal pullups. 

Port 2: Port 2 is an 8-bit bidirectional I/O port 
with internal pullups. Port 2 emits the 
high-order address byte during accesses to 
external memory that use 16-bit addresses. 

In this application, it uses the strong internal 
pullups when emitting 1 s. 

Port 3: Port 3 is an 8-bit bidirectional I/O port 
with internal pullups. It also serves the 
functions of various special features of the 
80C51 Family as follows: 

Port Pin Alternate Function 

P3.0 RxD (serial input port) 

P3. 1 TxD (serial output port) 

P3.2 INTO (external interrupt 0) 

P3.3 INTI (external interrupt 1) 

P3.4 TO (timer 0 external input) 

P3.5 T1 (timer 1 external input) 

P3.6 V7R (external data memory 

write strobe) 

P3.7 HD (external data memory 

read strobe) 

Vcc-* Supply voltage 
Vss: Circuit ground potential 
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The On-Chip Oscillators 

NMOS Version 

The on-chip oscillator circuitry for the 
NMOSmembers of the 80C51 family is a 
single stage linear inverter (Figure 25), 
intended for use as a crystal-controlled, 
positive reactance oscillator (Figure 26). In 
this application the crystal Is operated in its 
fundamental response mode as an inductive 
reactance in parallel resonance with 
capacitance external to the crystal. 

The crystal specifications and capacitance 
values (Cl and C2 in Figure 26) are not 
critical. 30pF can be used in these positions 
at any frequency with good quality crystals. A 
ceramic resonator can be used in place of the 
crystal in cost-sensitive applications. When a 
ceramic resonator is used, Cl and C2 are 
normally selected to be of somewhat higher 
values, typically, 47pF. The manufacturer of 
the ceramic resonator should be consulted for 
recommendation on the values of these 
capacitors. 


To drive the N MOS parts with an external 
clock source, apply the external clock signal 
to XTAL2, and ground XTAL1 , as shown in 
Figure 27. A pullup resistor may be used (to 
increase noise margin), but is optional if Vqh 
of the driving gate exceeds the V|h minimum 
specification of XTAL 

CMOS Versions 

The on-chip oscillator circuitry for the 80C51 , 
shown In Figure 28, consists of a single stage 
linear inverter intended for use as a 
crystal-controlled, positive reactance 
oscillator in the same manner as the NMOS 
parts. However, there are some important 
differences. 

One difference is that the 80C51 is able to 
turn off its oscillator under software control 
(by writing a 1 to the PD bit in PCON). 
Another difference is that, in the 80C51, the 
internal clocking circuitry is driven by the 
signal at XTAL1 , whereas in the NMOS 
versions it is by the signal at XTAL2. 


The feedback resistor Rf in Figure 28 
consists of paralleled n- and p-channel FETs 
controlled by the PD bit, such that Rf is 
opened when PD = 1 . The diodes D1 and D2, 
which act as clamps to Vec and Vss. are 
parasitic to the Rf FETs. The oscillator can be 
used with the same external components as 
the NMOS versions, as shown in Figure 29. 
Typically, C1 = C2 = 30pF when the feedback 
element is a quartz crystal, and C1 = C2 = 
47pF when a ceramic resonator is used. 

To drive the CMOS parts with an external 
clock source, apply the external clock signal 
to XTAL1 , and leave XTAL2 float, as shown 
in Figure 30. 

The reason for this change from the way the 
NMOS part is driven can be seen by 
comparing Figures 26 and 28. In the NMOS 
devices the internal timing circuits are driven 
by the signal at XTAL2. In the CMOS devices 
the internal timing circuits are driven by the 
signal at XTAL1 . 


Vec 



Figure 25. On-Chip Oscillator In the NMOS Version of the 8051 Family 



Figure 26. Using the NMOS On-Chip Oscillator 
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Figure 22. Power-On Reset Circuit 


Hi-^4 



Figure 23. Idle and Power Down Hardware 


(MSB) 


(LSB) 


SMOD 

n 



GF1 

GFO 

PD 

IDL I 


Symbol 


Name and Function 


SMOD 

PCON.7 

Double Baud rate biL When set to a 1 and Timer 1 is used to gen- 
erate baud rate, and the Serial Port is used in modes 1, 2, or 3. 

- 

PCON.6 

Reserved. 

- 

PCON.5 

Reserved. 

- 

PCON.4 

Reserved. 

GF1 

PCON.3 

General-purpose flag bit 

GFO 

PCON.2 

General-purpose flag bit 

PD 

PCON.1 

Power-Down bit Setting this bit activates power-down operation. 

IDL 

PCON.O 

Idle mode bit Setting this bit activates idle mode operation. 


if 1s are written to PD aixl lOL at the same time, PO takes precedence. The reset value of PCON is (OXXXDOOO). In the NMOS 
devices, the PCON register only contains SMOO. The other four bits are implemented only in the CMOS devices. User software 
should never write is to unimplemented bits, since they may be used in future products. 

Figure 24. Power Control (PCON) Register 


The signal at the RST pin clears the IDL bit 
directly and asynchronously. At this time the 
CPU resumes program execution from where 
it left off; that is, at the instruction following 
the one that invoked the Idle Mode. As shown 
in Figure 21, two or three machine cycles of 
program execution may take place before the 
internal reset algorithm takes control. On-chip 
hardware inhibits access to the internal RAM 
during this time, but access to the port pins is 
not inhibited, so, the insertion of 3 NOP 
instructions is recommended following the 
instruction that invokes idle mode. To 
eliminate the possibility of unexpected 
outputs at the port pins, the instruction 
following the one that invokes Idle should not 
be one that writes to a port pin or to external 
Data FIAM. 

Power-Down Mode 

An instruction that sets PCON.1 causes that 
to be the last instruction executed before 


going into the Power Down mode. In the 
Power Down mode, the on-chip oscillator is 
stopped. With the clock frozen, all functions 
are stopped, the contents of the on-chip RAM 
and Special Function Registers are 
maintained. The port pins output the values 
held by their respective SFRs. The ALE and 
PSEN output are held low. 

The only exit from Power Down is a hardware 
reset. Reset redefines all ttie SFRs, but does 
not change the on-chip RAM. 

In the Power Down mode of operation, Vcc 
can be reduced to as low as 2V. Care must 
be taken, however, to ensure that Vqc is not 
reduced before the Power Down mode is 
invoked, and that Vqc is restored to its 
normal operating level, before the Power 
Down mode is terminated. The reset that 
terminates Power Down also frees the 
oscillator. The reset should not be activated 
before Vqq is restored to its normal operating 


level, and must be held active long enough to 
allow the oscillator to restart and stabilize 
(normally less than 10ms). 

ONCE Mode 

The ONCE ("on-circuit emulation”) mode 
facilitates testing and debugging of systems 
using the device without the device having to 
be removed from the circuit. The ONCE 
mode is invoked by; 

1 . Pull ALE low while the device in in reset 
and PSEN is high; 

2. Hold ALE low as RST is deactivated. 

While the device is in the ONCE mode, the 
Port 0 pins go into a float state, and the other 
port pins and ALE and PSEN are weakly 
pulled high. The oscillator circuit remains 
active. While the device is in this mode, an 
emulator or test CPU can be used to drive 
the circuit. Normal operation is restored after 
a normal reset is applied. 
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Table 1 . 80C51 SFR Reset Values 


REGISTER 

RESET VALUE 

PC 

OOOH 

ACC 

OOH 

B 

OOH 

PSW 

OOH 

SP 

07H 

DPTR 

OOOOH 

P0-P3 

FFH 

IP 

XXXOOOOOB 

IE 

OXXOOOOOB 

TMOD 

OOH 

TCON 

OOH 

THO 

OOH 

TLO 

OOH 

TH1 

OOH 

TL1 

OOH 

SCON 

OOH 

SBUF 

Indeterminate 

PCON (NMOS) 

OXXXXXXXB 

PCON (CMOS) 

OXXXOOOOB 


Power-on Reset 

An automatic reset can be obtained when 
Vcc is turned on by connecting the RST pin 
to Vcc through a 1 0pif capacitor and to Vss 
through an 8.2k resistor, providing the Vcc 
rise time does not exceed 1 millisecond and 
the oscillator start-up time does not exceed 
10 milliseconds. This power-on reset circuit is 
shown in Figure 22. The CMOS devices do 
not require the 8.2k pulldown resistor, 
although its presence does no harm. 

When power is turned on, the circuit holds 
the RST pin high for an amount of time that 
depends on the value of the capacitor and the 


rate at which it charges. To ensure a good 
reset, the RST pin must be high long enough 
to allow the oscillator time to start-up 
(normally a few ms) plus two machine cycles. 

Note that the port pins will be in a random 
state until the oscillator has started and the 
internal reset algorithm has written 1s to 
them. 

With this circuit, reducing Vcc quickly to 0 
causes the RST pin voltage to momentarily 
fall below OV. However, this voltage is 
internally limited, and will not harm the 
device. 

Power-Saving Modes of 
Operation 

For applications where power consumption is 
critical the CMOS version provides power 
reduced modes of operation as a standard 
feature. The powerdown mode in NMOS 
devices is no longer a standard feature. 

CMOS Power Reduction Mode 
CMOS versions have two power reducing 
modes. Idle and Power Down. The input 
through which backup power is supplied 
during these operations is Vcc- Figure 23 
shows the internal circuitry which implements 
these features. In the Idle modes (IDL = 1), 
the oscillator continues to run and the 
Interrupt, Serial Port, and Timer blocks 
continue to be clocked, but the clock signal is 
gated off to the CPU. In Power Down (PD = 
1), the oscillator is frozen. The Idle and 
Power Down Modes are activated by setting 
bits In Special Function Register PCON. The 
address of this register is 87H. Figure 24 
details its contents. 


In the NMOS devices the PCON register only 
contains SMOD. The other four bits are 
implemented only in the CMOS devices. User 
software should never write Is to 
unimplemented bits, since they may be used 
in other 80C51 Family products. 

Idle Mode 

An instruction that sets PCON.O causes that 
to be the last instruction executed before 
going into the Idle mode, the internal clock 
signal is gated off to the CPU but not to the 
Interrupt, Timer, and Serial Port functions. 

The CPU status is preserved in its entirety; 
the Stack Pointer, Program Counter, Program 
Status Word, Accumulator, and all other 
registers maintain their data during Idle. The 
port pins hold the logical states they had at 
the time Idle was activated. ALE and PSEN 
hold at logic high levels. 

There are two ways to terminate the Idle. 
Activation of any enabled interrupt will cause 
PCON.O to be cleared by hardware, 
terminating the Idle mode. The interrupt will 
be serviced, and following RETI, the next 
instruction to be executed will be the one 
following the instruction that put the device 
into Idle. 

The flag bits GFO and GF1 can be used to 
give an indication if an interrupt occurred 
during normal operation or during an Idle. For 
example, an instruction that activates Idle can 
also set one or both flag bits. When Idle is 
terminated by an interrupt, the interrupt 
service routine can examine the flag bits. The 
other way of terminating the Idle mode is with 
a hardware reset. Since the clock oscillator is 
still running, the hardware reset needs to be 
held active for only two machine cycles (24 
oscillator periods) to complete the reset. 
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This is the fastest possible response when C2 is the final cycle of an instruction other than RET1 or an access to IE or IP. 


Figure 20. Interrupt Response Timing Diagram 


External Interrupts 

The external sources can be programmed to 
be level-activated or transition-activated by 
setting or clearing bit IT1 or ITO in Register 
TCON. If ITx = 0, external interrupt x is 
triggered by a detected low at the INTx pin. If 
ITx = 1 , external interrupt x is edge triggered. 
In this mode if successive samples of the 
INTx pin show a high in one cycle and a low 
in the next cycle, interrupt request flag lEx in 
TCON is set. Flag bit I Ex then requests the 
interrupt. 

Since the external interrupt pins are sampled 
once each machine cycle, an input high or 
low should hold for at least 12 oscillator 
periods to ensure sampling. If the external 
interrupt is transition-activated, the external 
source has to hold the request pin high for at 
least one cycle, and then hold it low for at 
least one cycle. This is done to ensure that 
the transition is seen so that interrupt request 
flag lEx will be set. I Ex will be automatically 
cleared by the CPU when the service routine 
is called. 

If the external interrupt is level-activated, the 
external source has to hold the request active 
until the requested interrupt is actually 
generated. Then it has to deactivate the 
request before the interrupt service routine is 
completed, or else another interrupt will be 
generated. 

Response Time 

The INTO and I NT! levels are inverted and 
latched into lEO and IE1 at S5P2 of every 
machine cycle. The values are not actually 
polled by the circuitry until the next machine 
cycle. If a request is active and conditions are 
right for it to be acknowledged, a hardware 
subroutine call to the requested service 
routine will be the next instruction to be 
executed. The call itself takes two cycles. 


Thus, a minimum of three complete machine 
cycles elapse between activation of an 
external interrupt request and the beginning 
of execution of the first instruction of the 
service routine. Figure 20 shows interrupt 
response timings. 

A longer response time would result if the 
request is blocked by one of the 3 previously 
listed conditions. If an interrupt of equal or 
higher priority level Is already in progress, the 
additional wait time obviously depends on the 
nature of the other interrupt’s service routine. 
If the instruction in progress Is not in its final 
cycle, the additional wait time cannot be more 
the 3 cycles, since the longest Instructions 
(MUL and DIV) are only 4 cycles long, and if 
the instruction in progress Is RETI or an 
access to IE or IP, the additional wait time 
cannot be more than 5 cycles (a maximum of 
one more cycle to complete the Instruction In 
progress, plus 4 cycles to complete the next 
instruction if the instruction is MUL or DIV). 

Thus, in a single-interrupt system, the 
response time Is always more than 3 cycles 
and less than 9 cycles. 

Singie-Step Operation 

The 80C51 interrupt structure allows 
single-step execution with very little software 
overhead. As previously noted, an interrupt 
request will not be responded to while an 
interrupt of equal priority level is still in 
progress, nor will it be responded to after 
RETI until at least one other instruction has 
been executed. Thus, once an interrupt 
routine has been entered, it cannot be 
re-entered until at least one instruction of the 
interrupted program is executed. One way to 
use this feature for single-step operation is to 
program one of the external Interrupts (e.g., 
INTO) to be level-activated. The service 


routine for the interrupt will terminate with the 
following code: 

JNB P3.2,$ ;Wait Till INTO Goes High 
JB P3.2,$ ;Wait Till INTO Goes Low 
RETI ;Go Back and Execute One 

Instruction 

Now if the INTO pin. which is also the P3.2 
pin, is held normally low, the CPU will go right 
into the External Interrupt 0 routine and stay 
there until INTO is pulsed (from low to high to 
low). Then it will execute RETI, go back to 
the task program, execute one instruction, 
and immediately re-enter the External 
Interrupt 0 routine to await the next pulsing of 
P3.2. One step of the task program is 
executed each time P3.2 is pulsed. 

Reset 

The reset input is the RST pin, which is the 
input to a Schmitt Trigger. A reset is 
accomplished by holding the RST pin high for 
at least two machine cycles (24 oscillator 
periods), while the oscillator is running. The 
CPU responds by generating an internal 
reset, with the timing shown in Figure 21. 

The external reset signal is asynchronous to 
the internal clock. The RST pin is sampled 
during State 5 Phase 2 of every machine 
cycle. The port pins will maintain their current 
activities for 19 oscillator periods after a logic 
1 has been sampled at the RST pin; that is, 
for 19 to 31 oscillator periods after the 
external reset signal has been applied to the 
RST pin. 

The internal reset algorithm writes Os to all 
the SFRs except the port latches, the Stack 
Pointer, and SBUF. The port latches are 
initialized to FFH, the Stack Pointer to 07H, 
and SBUF is indeterminate. Table 1 lists the 
SFR reset values. The internal RAM is not 
affected by reset. On power up the RAM 
content is indeterminate. 
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(MSB) (LSB) 



F 

x 

ES 

ETI 

EXI 

ETO 

EXO 1 


Symbol 

EA 


ET1 


Position Function 

IE.7 Disables all intermpts. If EA = 0, no inten-upt 
will be acknowledged. If EA = 1, each inten-upt 
source is individually enabled or disabled by 
setting or clearing its enable bit 

IE6 Reserved. 

iE5 Reserved. 

IE.4 Enables or disables the Serial Port interrupt. If 

ES = 0, the Serial Port interrupt is ctisabled. 

IE.3 Enables or disables the Timer 1 Overflow inter- 

rupt If ETi = 0, the Timer 1 interrupt is disabled. 


EXi IE.2 Enables or disables External Intetruptl. If EX1 

= 0, External Interrupt 1 is disabled. 


ETO IE.1 Enables or disables the Timer 0 Overflow inter- 

rupts If ETO = 0, the Timer 0 interrupt is dis- 
abled. 

EXO lE.O Enables or disables External Interrupt 0. If EXO 

= 0, External Interrupt 0 is disabled. 


Figure 18. Interrupt Enable Register (IE) 


(MSB) (LSB) 


■ 

□ 

X 

PS 

BB 

^9 

El 

PXO 


Symbol Poshion 


I P.7 Reserved. 

IP.6 Reserved. 

IP.5 Reserved. 

I P.4 Defines the Serial Port interrupt priority level. 

PS = 1 programs it to the higher priority level. 


IP.3 Defines theTimer 1 interrupt priority level. PTi 
= 1 programs it to the higher priori^ level. 


IP.2 Defines the External Interrupt 1 priority level. 

PX1 =1 programs it to the higher priority level. 


IP.1 Enables or disables the Timer 0 Interrupt prior- 

ity level. PTO = 1 programs it to the higher prior- 
ity level. 

IP.O Defines the External Interrupt 0 priority level. 

PXO = 1 programs it to the higher priority level. 


Figure 19. Interrupt Priority Register (IP) 


How Interrupts Are Handled 

The interrupt flags are sampled at S5P2 of 
every machine cycle. The samples are polled 
during the following machine cycle. If one of 
the flags was in a set condition at S5P2 of the 
preceding cycle, the polling cycle will find it 
and the interrupt system will generate an 
LCALL to the appropriate service routine, 
provided this hardware-generated LCALL is 
not blocked by any of the following 
conditions: 

1 . An interrupt of equal or higher priority 
level is already in progress. 

2. The current (polling) cycle is not the final 
cycle in the execution of the instruction in 
progress. 

3. The instruction in progress is RETI or any 
write to the IE or IP registers. 

Any of these three conditions will block the 
generation of the LCALL to the interrupt 
service routine. Condition 2 ensures that the 
instruction in progress will be completed 
before vectoring to any service routine. 
Condition 3 ensures that if the instruction in 
progress is RETI or any access to IE or IP, 
then at least one more instruction will be 
executed before any interrupt is vectored to. 

The polling cycle is repeated with each 


machine cycle, and the values polled are the 
values that were present at S5P2 of the 
previous machine cycle. Note that if an 
interrupt flag is active but not being 
responded to for one of the above conditions, 
if the flag is not still active when the blocking 
condition is removed, the denied interrupt will 
not be serviced. In other words, the fact that 
the interrupt flag was once active but not 
serviced is not remembered. Every polling 
cycle is new. 

The polling cycle/LCALL sequence is 
illustrated In Figure 20. 

Note that if an interrupt of higher priority level 
goes active prior to S5P2 of the machine 
cycle labeled C3 in Figure 20, then in 
accordance with the above rules it will be 
vectored to during C5 and C6, without any 
instruction of the lower priority routine having 
been executed. 

Thus the processor acknowledges an 
interrupt request by executing a 
hardware-generated LCALL to the 
appropriate servicing routine. In some cases 
it also clears the flag that generated the 
interrupt, and in other cases it doesn’t. It 
never clears the Serial Port flag. This has to 
be done in the user’s software. It clears an 


external interrupt flag (lEO or IE1 ) only if it 
was transition-activated. The 
hardware-generated LCALL pushes the 
contents of the Program Counter on to the 
stack (but it does not save the PSW) and 
reloads the PC with an address that depends 
on the source of the interrupt being vectored 
to, as shown below; 


Source Vector Address 
lEO 0003H 

TFO OOOBH 

IE1 0013H 

TF1 001 BH 

RI+TI 0023H 


Execution proceeds from that location until 
the RETI instruction is encountered. The 
RETI instruction informs the processor that 
this interrupt routine is no longer in progress, 
then pops the top two bytes from the stack 
and reloads the Program Counter. Execution 
of the interrupted program continues from 
where it left off. 

Note that a simple RET instruction would also 
have returned execution to the interrupted 
program, but it would have left the interrupt 
control system thinking an interrupt was still 
in progress, making future interrupts 
impossible. 
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Figure 17. 

80C51 Interrupt Sources 


Interrupts 

The 80C51 provides 5 interrupt sources. 
These are shown in Figure 1 7. The External 
Interrupts TRTO and INT1 can each be either 
level-activated or transition-activated, 
depending on bits ITO and IT 1 in Register 
TCON. The flags that actually generate these 
interrupts are bits lEO and IE1 in TCON. 
When an external interrupt is generated, the 
flag that generated it is cleared by the 
hardware when the service routine is 
vectored to only if the interrupt was 
transition-activated. If the interrupt was 
level-activated, then the external requesting 
source is what controls the request flag, 
rather than the on-chip hardware. 

The Timer 0 and Timer 1 Interrupts are 
generated by TFO and TF1 , which are set by 
a rollover in their respective Timer/Counter 
registers (except see Timer 0 in Mode 3). 
When a timer interrupt is generated, the flag 
that generated it is cleared by the on-chip 
hardware when the service routine is 
vectored to. 

The Serial Port Interrupt is generated by the 
logical OR of Rl and Tl. Neither of these flags 


is cleared by hardware when the service 
routine is vectored to. In fact, the service 
routine will normally have to determine 
whether it was Rl or Tl that generated the 
interrupt, and the bit will have to be cleared in 
software. 

All of the bits that generate interrupts can be 
set or cleared by software, with the same 
result as though it had been set or cleared by 
hardware. That is, interrupts can be 
generated or pending interrupts can be 
canceled in software. 

Each of these interrupt sources can be 
individually enabled or disabled by setting or 
clearing a bit in Special Function Register IE 
(Figure 18). IE also contains a global disable 
bit, EA, which disables all interrupts at once. 

Priority Level Structure 

Each interrupt source can also be individually 
programmed to one of two priority levels by 
setting or clearing a bit in Special Function 
Register IP (Figure 19). A low-priority 
interrupt can itself be interrupted by a 
high-priority interrupt, but not by another 
low-priority interrupt. A high-priority interrupt 


can’t be interrupted by any other interrupt 
source. 

If two request of different priority levels are 
received simultaneously, the request of 
higher priority level is serviced. If requests of 
the same priority level are received 
simultaneously, an internal polling sequence 
determines which request is serviced. Thus 
within each priority level there is a second 
priority structure determined by the polling 
sequence as follows: 


Source 

Priority Within Level 

1. lEO 

(highest) 

2. TFO 


3. IE1 


4. TF1 


5. RI+TI 

(lowest) 


Note that the “priority within level" structure is 
only used to resolve simultaneous requests 
of the same priority level. 

The IP register contains a number of 
unimplemented bits. IP.7, IP.6, and IP.5 are 
reserved in the 80C51 . User software should 
not write 1 s to these positions, since they 
may be used in other 8051 Family products. 
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As data bits come in from the right, 1s shift 
out to the left. When the 0 that was initially 
loaded into the rightmost position arrives at 
the leftmost position in the shift register, it 
flags the RX Control block to do one last shift 
and load SBUR At SI PI of the 10th machine 
cycle after the write to SCON that cleared Rl, 
RECEIVE is cleared as Rl is set. 

More About Mode 1 

Ten bits are transmitted (through TxD), or 
received (through RxD); a start bit (0), 8 data 
bits (LSB first), and a stop bit (1). On receive, 
the stop bit goes into RB8 in SCON. In the 
80C51 the baud rate is determined by the 
Timer 1 overflow rate. 

Figure 14 shows a simplified functional 
diagram of the serial port in Mode 1 , and 
associated timings for transmit receive. 

Transmission is initiated by any instruction 
that uses SBUF as a destination register. The 
“write to SBUF” signal also loads a 1 into the 
9th bit position of the transmit shift register 
and flags the TX Control unit that a 
transmission is requested. Transmission 
actually commences at SI PI of the machine 
cycle following the next rollover in the 
divide-by-1 6 counter. (Thus, the bit times are 
synchronized to the divide-by-1 6 counter, not 
to the “write to SBUF” signal.) 

The transmission begins with activation of 
SEND which puts the start bit at TxD. One bit 
time later, DATA is activated, which enables 
the output bit of the transmit shift register to 
TxD. The first shift pulse occurs one bit time 
after that. 

As data bits shift out to the right, zeros are 
clocked in from the left. When the MSB of the 
data byte is at the output position of the shift 
register, then the 1 that was initially loaded 
into the 9th position is just to the left of the 
MSB, and all positions to the left of that 
contain zeros. This condition flags the TX 
Control unit to do one last shift and then 
deactivfate SEND and set Tl. This occurs at 
the 10th divide-by-1 6 rollover after '^vrite to 
SBUF." 

Reception is initiated by a detected 1-to-O 
transition at RxD. For this purpose RxD is 
sampled at a rate of 16 times whatever baud 
rate has been established. When a transition 
is detected, the divide-by-1 6 counter is 
immediately reset, and 1FFH is written into 
the input shift register. Resetting the 
divide-by-1 6 counter aligns its rollovers with 
the boundaries of the incoming bit times. 

The 16 states of the counter divide each bit 
time into 16ths. At the 7th, 8th, and 9th 


counter states of each bit time, the bit 
detector samples the value of RxD. The value 
accepted is the value that was seen in at 
least 2 of the 3 samples. This is done for 
noise rejection. If the value accepted during 
the first bit time is not 0, the receive circuits 
are reset and the unit goes back to looking 
for another 1-to-O transition. This is to provide 
rejection of false start bits. If the start bit 
proves valid, it is shifted into the input shift 
register, and reception of the rest of the frame 
will proceed. 

As data bits come in from the right, 1 s shift 
out to the left. When the start bit arrives at the 
leftmost position in the shift register (which in 
mode 1 is a 9-bit register), it flags the RX 
Control block to do one last shift, load SBUF 
and RB8, and set Rl. The signal to load 
SBUF and RB8, and to set Rl, will be 
generated if, and only if, the following 
conditions are met at the time the final shift 
pulse is generated.: 

1. Rl = 0, and 

2. Either SM2-0, 

or the received stop bit = 1 . 

If either of these two conditions is not met, 
the received frame is irretrievably lost. If both 
conditions are met, the stop bit goes into 
RB8, the 8 data bits go into SBUF, and Rl is 
activated. At this time, whether the above 
conditions are met or not, the unit goes back 
to looking for a 1-to-O transition in RxD. 

More About Modes 2 and 3 

Eleven bits are transmitted (through TxD), or 
received (through RxD): a start bit (0), 8 data 
bits (LSB first), a programmable 9th data bit, 
and a stop bit (1 ). On transmit, the 9th data 
bit (TBS) can be assigned the value of 0 or 1 . 
On receive, the 9the data bit goes into RB8 in 
SCON. The baud rate is programmable to 
either 1/32 or 1/64 the oscillator frequency in 
Mode 2. Mode 3 may have a variable baud 
rate generated from Timer 1 . 

Figures 15 and 16 show a functional diagram 
of the serial port in Modes 2 and 3. The 
receive portion is exactly the same as in 
Mode 1 . The transmit portion differs from 
Mode 1 only in the 9th bit of the transmit shift 
register. 

Transmission is initiated by any instruction 
that uses SBUF as a destination register. The 
“write to SBUF” signal also loads TB8 into the 
9th bit position of the transmit shift register 
and flags the TX Control unit that a 
transmission is requested. Transmission 
commences at SI PI of the machine cycle 
following the next rollover in the divide-by-1 6 
counter. (Thus, the bit times are synchronized 


to the divide-by-1 6 counter, not to the "write 
to SBUF" signal.) 

The transmission begins with activation of 
SEND, which puts the start bit at TxD. One 
bit time later, DATA is activated, which 
enables the output bit of the transmit shift 
register to TxD. The first shift pulse occurs 
one bit time after that. The first shift clocks a 
1 (the stop bit) into the 9th bit position of the 
shift register. Thereafter, only zeros are 
clocked in. Thus, as data bits shift out to the 
right, zeros are clocked in from the left. When 
TB8 is at the output position of the shift 
register, then the stop bit is just to the left of 
TBS, and all positions to the left of that 
contain zeros. This condition flags the TX 
Control unit to do one last shift and then 
deactivate SEND and set Tl. This occurs at 
the 11th divide-by-1 6 rollover after ‘\vrite to 
SUBF.” 

Reception is initiated by a detected 1-to-O 
transition at RxD. For this purpose RxD is 
sampled at a rate of 16 times whatever baud 
rate has been established. When a transition 
is detected, the divide-by-1 6 counter is 
immediately reset, and 1 FFH is written to the 
input shift register. 

At the 7th, 8th. and 9th counter states of each 
bit time, the bit detector samples the value of 
R-D. The value accepted is the value that 
was seen in at least 2 of the 3 samples. If the 
value accepted during the first bit time is not 

0. the receive circuits are reset and the unit 
goes back to looking for another 1-to-O 
transition. If the start bit proves valid, it is 
shifted into the input shift register, and 
reception of the rest of the frame will 
proceed. 

As data bits come in from the right, Is shift 
out to the left. When the start bit arrives at the 
leftmost position in the shift register (which in 
Modes 2 and 3 is a 9-bit register), it flags the 
RX Control block to do one last shift, load 
SBUF and RB8, and set Rl. 

The signal to load SBUF and RB8, and to set 
Rl, will be generated if, and only if, the 
following conditions are met at the time the 
final shift pulse is generated. 

1. Rl = 0, and 

2. Either SM2 = 0, 

or the received 9th data bit = 1 . 

If either of these conditions is not met, the 
received frame is irretrievably lost, and Rl is 
not set. If both conditions are met, the 
received 9th data bit goes into RB8, and the 
first 8 data bits go into SBUF. One bit time 
later, whether the above conditions were met 
or not, the unit goes back to looking for a 
1-to-O transition at the RxD input. 
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(MSB) 


(LSB) 


REN 

TB8 

RB8 1 Tl 

1 1 


Where SMO, SMI specify the serial port mode, as follows: 


SMO SMI Mode 

0 0 0 

0 1 1 

1 0 2 

1 1 3 


Description 

Baud Rate 

shift register 

fOSC^12 

84Mt UART 

variable 

9-bit UART 

tOSC/64 


or 


foSC/32 

9-bit UART 

variable 


■ SM2 enables the multiprocessor communication feature in 

modes 2 and 3. In mode 2 or 3, if SM2 is set to l„ then 
Rl will not be activated if the received 9th data bit 
(RB8) is 0. In mode 1, if SM2 = 1. then Ri will not be 
activated if a valid stop bit was not received. In mode 
0, SM2 should be 0. 

■ REN enables serial reception. Set by software to enable 

reception. Clear by software to disable reception. 


TBS is the 9th data bit that will be transmitted in modes 2 
and 3. Set or clear by software as desired. 

RB8 in modes 2 and 3, is the 9th data bit that was received. 
In mode 1, if SM2 = 0, RB8 is the stopbit that was re- 
ceived in mode 0, RB8 is not used. 

Tl is the transmit interrupt flag. Set by hardware at the 

end of the 8th bit time in mode 0, or at the beginning 
of the stop bit in the other modes, in any serial trans- 
mission. Must be cleared by software. 

Rl is the receive interrupt flag. Set by hardware at the 
end of the 8th bit tinw in mode 0, or halfway through 
the stop bit time in the other modes, in any serial re- 
ception (except see SM2). Must be cleared by soft- 
ware. 


Figure 11. Serial Port Control (SCON) Register 


Baud Rate 

lose 

SMOO 

Timer 1 

C/T 

Mode 

Reload 

Value 

Mode 0 Max: 1.67MHz 

20MHz 

x 

|n 

x 

X 

Mode 2 Max: 625k 

20MHz 

1 


X 

X 

Mode 1, 3 Max: 1 04.2k 

20MHz 

1 

0 

2 

FFH 

19.2k 

11.059MHz 

1 

0 

2 

FDH 

9.6k 

11.059MHz 

0 

0 

2 

FDH 

4.8k 

11.059MHz 

0 

0 

2 

FAH 

2.4k 

11.059MHz 

0 

0 

2 

F4H 

1.2k 

11.059MHz 

0 

0 

2 

E8H 

137.5 

11.986M 

0 

0 

2 

1DH 

110 

6MHz 

0 

0 

2 

72H 

110 

12MHz 

0 

0 

1 

FEEBH 


Figure 12. Timer 1 Generated Commonly Used Baud Rates 


More About Mode 0 

Serial data enters and exits through RxD. 

TxD outputs the shift clock. 8 bits are 
transmitted/received: 8 data bits (LSB first). 
The baud rate is fixed a 1/12 the oscillator 
frequency. 

Figure 13 shows a simplified functional 
diagram of the serial port in Mode 0, and 
associated timing. 

Transmission is initiated by any instruction 
that uses SBUF as a destination register. The 
“write to SBUF" signal at S6P2 also loads a 1 
into the 9th position of the transmit shift 
register and tells the TX Control block to 
commence a transmission. The internal 
timing is such that one full machine cycle will 
elapse between “write to SBUF” and 


activation of SEND. 

SEND enables the output of the shift register 
to the alternate output function line of P3.0 
and also enable SHIFT CLOCK to the 
alternate output function line of P3.1. SHIFT 
CLOCK is low during S3, S4, and S5 of every 
machine cycle, and high during S6, SI , and 
S2. At S6P2 of every machine cycle in which 
SEND is active, the contents of the transmit 
shift are shifted to the right one position. 

As data bits shift out to the right, zeros come 
in from the left. When the MSB of the data 
byte is at the output position of the shift 
register, then the 1 that was initially loaded 
into the 9th position, is just to the left of the 
MSB, and all positions to the left of that 
contain zeros. This condition flags the TX 
Control block to do one last shift and then 


deactivate SEND and set Tl . Both of these 
actions occur at SI PI of the 10th machine 
cycle after “write to SBUF." 

Reception is initiated by the condition 
REN = 1 and Rl = 0. At S6P2 of the next 
machine cycle, the RX Control unit writes the 
bits 1 1 1 1 1 1 1 0 to the receive shift register, and 
in the next clock phase activates RECEIVE. 

RECEIVE enable SHIFT CLOCK to the 
alternate output function line of P3.1 .SHIFT 
CLOCK makes transitions at S3P1 and S6P1 
of every machine cycle. At S6P2 of every 
machine cycle in which RECEIVE is active, 
the contents of the receive shift register are 
shifted to the left one position. The value that 
comes in from the right is the value that was 
sampled at the P3.0 pin at S5P2 of the same 
machine cycle. 
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Standard Serial Interface 

The serial port is full duplex, meaning it can 
transmit and receive simultaneously. It is also 
receive-buffered, meaning it can commence 
reception of a second byte before a 
previously received byte has been read from 
the register. (However, if the first byte still 
hasn’t been read by the time reception of the 
second byte is complete, one of the bytes will 
be lost.) The serial port receive and transmit 
registers are both accessed at Special 
Function Register SBUF. Writing to SBUF 
loads the transmit register, and reading SBUF 
accesses a physically separate receive 
register. 

The serial port can operate in 4 modes: 

Mode 0: Serial data enters and exits 
through RxD. TxD outputs the shift clock. 8 
bits are transmitted/received (LSB first). The 
baud rate is fixed at 1/12 the oscillator 
frequency. 

Mode 1 : 10 bits are transmitted (through 

TxD) or received (through RxD): a start bit 
(0), 8 data bits (LSB first), and a stop bit (1). 
On receive, the stop bit goes into RB8 in 
Special Function Register SCON. The baud 
rate is variable. 

Mode 2: 11 bits are transmitted (through 

TxD) or received (through RxD): start bit (0), 

8 data bits (LSB first), a programmable 9th 
data bit, and a stop bit (1). On Transmit, the 
9th data bit (TB8 in SCON) can be assigned 
the value of 0 or 1. Or, for example, the parity 
bit (P, in the PSW) could be moved into TB8. 
On receive, the 9th data bit goes into RB8 in 
Special Function Register SCON, while the 
stop bit is ignored. The baud rate is 
programmable to either 1/32 or 1/64 the 
oscillator frequency. 

Mode 3: 1 1 bits are transmitted (through 

TxD) or received (through RxD): a start bit 
(0), 8 data bits (LSB first), a programmable 
9th data bit, and a stop bit (1 ). In fact. Mode 3 
is the same as Mode 2 in all respects except 
baud rate. The baud rate in Mode 3 is 
variable. 


In all four modes, transmission is initiated by 
any instruction that uses SBUF as a 
destination register. Reception is initiated in 
Mode 0 by the condition Rl = 0 and REN = 1 . 
Reception is initiated in the other modes by 
the incoming start bit if REN = 1. 

Multiprocessor Communications 
Modes 2 and 3 have a special provision for 
multiprocessor communications. In these 
modes, 9 data bits are received. The 9th one 
goes into RB8. Then comes a stop bit. The 
port can be programmed such that when the 
stop bit is received, the serial port interrupt 
will be activated only if RB8 = 1 . This feature 
is enabled by setting bit SM2 in SCON. A 
way to use this feature in multiprocessor 
systems is as follows: 

When the master processor wants to transmit 
a block of data to one of several slaves, it first 
sends out an address byte which identifies 
the target slave. An address byte differs from 
a data byte in that the 9th bit is 1 in an 
address byte and 0 in a data byte. With SM2 
= 1 , no slave will be interrupted by a data 
byte. An address byte, however, will interrupt 
all slaves, so that each slave can examine 
the received byte and see if it is being 
addressed. The addressed slave will clear its 
SM2 bit and prepare to receive the data bytes 
that will be coming. The slaves that weren’t 
being addressed leave their SM2s set and go 
on about their business, ignoring the coming 
data bytes. 

SM2 has no effect in Mode 0, and in Mode 1 
can be used to check the validity of the stop 
bit. In a Mode 1 reception, if SM2 = 1 , the 
receive interrupt will not be activated unless a 
valid stop bit is received. 

Serial Port Control Register 

The serial port control and status register is 
the Special Function Register SCON, shown 
in Figure 1 1 . This register contains not only 
the mode selection bits, but also the 9th data 
bit for transmit and receive (TBS and RB8), 
and the serial port interrupt bits (Tl and Rl). 


Baud Rates 

The baud rate in Mode 0 is fixed: Mode 0 
Baud Rate = Osdilator Frequency / 1 2. The 
baud rate in Mode 2 depends on the value of 
bit SMOD in Special Function Register 
PCON. If SMOD = 0 (which is the value on 
reset), the baud rate is 1/64 the oscillator 
frequency. If SMOD = 1 , the baud rate is 1/32 
the oscillator frequency. 

Mode 2 Baud Rate = 

2 SMOD 

— — — X (Oscillator Frequency) 

64 

In the 80C51 , the baud rates in Modes 1 and 
3 are determined by the Timer 1 overflow 
rate. 

Using Timer 1 to Generate Baud Rates 

When Timer 1 is used as the baud rate 
generator, the baud rates in Modes 1 and 3 
are determined by the Timer 1 overflow rate 
and the value of SMOD as follows: 

Mode 1 , 3 Baud Rate = 

2 SMOD 

— X (Timer 1 Overflow Rate) 

The Timer 1 Interrupt should be disabled in 
this application. The Timer itself can be 
configured for either “timer” or “counter” 
operation, and in any of its 3 running modes. 
In the most typical applications, it is 
configured for “timer” operation, in the 
auto-reload mode (high nibble of TMOD = 

001 OB). In that case the baud rate is given by 
the formula: 

Mode 1 , 3 Baud Rate = 

2 SMOD Oscillator Frequency 
32 ^ 12 X [256-(TH1)] 

One can achieve very low baud rates with 
Timer 1 by leaving the Timer 1 interrupt 
enabled, and configuring the Timer to run as 
a 16-bit timer (high nibble of TMOD = 0001 B), 
and using the Timer 1 interrupt to do a 16-bit 
software reload. Figure 12 lists various 
commonly used baud rates and how they can 
be obtained from Timer 1 . 
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Gating control w hen se t Timer/Counter “x” is en- 
abled only while “TRTx” pin is high and “TRx” con- 
trol pin is set When cleared Timer "x” is enabled 
whenever “TRx" control bit is set 


Timer or Counter Selector cleared for Timer opera- 
tion (input from internal system dock). Set for 
Counter operation (input from “Tx” input pin). 


Operating 

8048 Timer “TLx” serves as 5-bit prescaler. 

16-blt Timer/Counter "THx” arid “TLx” are 
cascaded; there is no prescaler. 

8-bit auto-reload Timer/Counter “THx” holds 
a value tvhich is to be reloaded into “TLx” 
each time it overflows. 

(Timer 0) TLO is an 8-bit Timer/Counter con- 
trolled by the standard Timer 0 control bits. 
THO is an 8-bit timer only controlled by Tim- 
er 1 control bits. 

(Timer 1) Timer/Counter 1 stopped. 


Figure 6. Timer/Counter Mode Control (TMOD) Register 




TCON.7 Timer 1 overflow flag. Set by hardware on 

Timer/Counter overflow. Cleared by hardware 
when processor vectors to interrupt routine. 

TCON.6 Timer 1 Run control bit Set/cleared by soft- 
ware to turn Timer/Counter on/off. 

TCON.5 Timer 0 overflow flag. Set by hardware on 

Timer/Counter overflow. Cleared by hardware 
when processor vectors to intenupt routine. 

TCON.4 rimer 0 Run control bit Set/cleared by soft- 
ware to turn Timer/Counter on/off. 


Symbol Position 


lEl TCON.3 


interrupt 1 Edge flag. Set by hardware when 
external interrupt edge detected. Cleared 
when interrupt processed. 

Interrupt 1 Type control bit Set/deared by 
software to specify falling edge/low level trig- 
gered external interrupts. 

Interrupt 0 Edge flag. Set by hardware when 
external interrupt edge detected. Cleared 
when interrupt processed. 

Interrupt 0 Type control bit. Set/deared by 
software to specify falling edge/low level trig- 
gered external interrupts. 


Figure 8. Timer/Counter Control (ICON) Register 
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Accessing External Memory 

Accesses to external memory are of two 
types: accesses to external Program Memory 
and accesses to external Data Memory. 
Accesses to external Program Memory use 
signal PSEN (program store enable) as the 
read strobe. Accesses to external Data 
Memory use RCJ or WR (alternate functions of 
P3.7 and P3.6) to strobe the memory. 

Fetches from external Program Memory 
always use a 16-bit address. Accesses to 
external Data Memory can use either a 16-bit 
address (MOVX (3> DPTR) or an 8-bit 
address (MOVX @R!). 

Whenever a 1 6-bit address is used, the high 
byte of the address comes out on Port 2, 
where it is held for the duration of the read or 
write cycle. Note that the Port 2 drivers use 
the strong pullups during the entire time that 
they are emitting address bits that are Is. 

This is during the execution of a MOVX 
<S)DPTR instruction. During this time the Port 
2 latch (the Special Function Register) does 
not have to contain Is, and the contents of 
the Port 2 SFR are not modified. If the 
external memory cycle is not immediately 
followed by another external memory cycle, 
the undisturbed contents of the Port 2 SFR 
will reappear in the next cycle. 

If an 8-bit address is being used (MOVX 
(S)Ri), the contents of the Port 2 SFR remain 
at the Port 2 pins throughout the external 
memory cycle. This will facilitate paging. 

In any case, the low byte of the address is 
time-multiplexed with the data byte on Port 0. 
The ADDFl/DATA signals drive both FETs in 
the Port 0 output buffers. Thus, in this 
application the Port 0 pins are not open-drain 
outputs, and do not require external pullups. 
ALE (Address Latch Enable) should be used 
to capture the address byte into an external 
latch. The address byte is valid at the 
negative transition of ALE. Then, in a write 
cycle, the data byte to be written appears on 
Port 0 just before WR is activated, and 
remains there until after WR is deactivated. In 
a read cycle, the incoming byte is accepted at 
Port 0 just before the read strobe is 
deactivated. 

During any access to external memory, the 
CPU writes OFFH to the Port 0 latch (the 
Special Function Register), thus obliterating 
whatever information the Port 0 SFR may 
have been holding. 

External Program Memory is accessed under 
two conditions: Whenever signal EA is active; 
or whenever the program counter (PC) 
contains a number that is larger than OFFFH 
(in the 80C51). 


This require that the ROMIess versions have 
EA wired low to enable the lower 4k program 
bytes to be fetched from external memory. 

When the CPU is executing out of external 
Program Memory, all 8 bits of Port 2 are 
dedicated to an output function and may not 
be used for general purpose I/O. During 
external program fetches they output the high 
byte of the PC. During this time the Port 2 
drivers use the strong pullups to emit PC bits 
that are Is. 

Timer/Counters 

The 80C51 has two 1 6-bit Timer/Counter 
registers: Timer 0 and Timer 1 . Both can be 
configured to operate either as timers or 
event counters (see Figure 6). 

In the "Timer” function, the register is 
incremented every machine cycle. Thus, one 
can think of It as counting machine cycles. 
Since a machine cycle consists of 1 2 
oscillator periods, the count rate is 1/1 2 of the 
oscillator frequency. 

In the “Counter” function, the register is 
incremented in response to a 1-to-O transition 
at its corresponding external input pin, TO or 
T1. In this function, the external input is 
sampled during S5P2 of every machine 
cycle. 

When the samples show a high in one cycle 
and a low in the next cycle, the count is 
incremented. The new count value appears in 
the register during S3P1 of the cycle 
following the one in which the transition was 
detected. Since it takes 2 machine cycles (24 
oscillator periods) to recognize a 1 -to-0 
transition, the maximum count rate is 1/24 of 
the oscillator frequency. There are no 
restrictions on the duty cycle of the external 
input signal, but to ensure that a given level is 
sampled at least once before it changes, it 
should be held for at least one full cycle. In 
addition to the “Timer" or “Counter" selection. 
Timer 0 and Timer 1 have four operating 
modes from which to select. 

Timer 0 and Timer 1 

The “Timer" or “Counter" function is selected 
by control bits C/T in the Special Function 
Register TMOD. These two Timer/Counters 
have four operating modes, which are 
selected by bit-pairs (Ml , MO) in TMOD. 
Modes 0, 1, and 2 are the same for both 
Timers/Counters. Mode 3 is different. The 
four operating modes are described in the 
following text. 

Mode 0 

Putting either Timer into Mode 0 makes it 
look like an 8048 Timer, which is an 8-bit 


Counter with a divide-by-32 prescaler. 

Figure 7 shows the Mode 0 operation as it 
applies to Timer 1 . 

In this mode, the Timer register is configured 
as a 13-bit register. As the count rolls over 
from all Is to all Os, it sets the Tmer interrupt 
flag TF1 . The counted input is enabled to the 
Timer when TR1 = 1 and either GATE = 0 or 
INTI = 1 . (Setting GATE = 1 allows the Timer 
to be controlled by external input INT1, to 
facilitate pulse width measurements). TR1 is 
a control bit in the Special Function Register 
TCON (Figure 8). GATE is in TMOD. 

The 13-bit register consists of all 8 bits of 
TH1 and the lower 5 bits of TL1 . The upper 3 
bits of TL1 are indeterminate and should be 
ignored. Setting the run flag (TR1) does not 
clear the registers. 

Mode 0 operation is the same for the Timer 0 
as for Timer 1 . Substitute TRO, TFO, and 
INTO for the corresponding Timer 1 signals in 
Figure 7. There are two different GATE bits, 
one for Timer 1 (TMOD. 7) and one for Timer 
0 (TMOD.3). 

Mode 1 

Mode 1 is the same as Mode 0, except that 
the Timer register is being run with all 16 bits. 

Mode 2 

Mode 2 configures the Timer register as an 
8-bit Counter (TL1) with automatic reload, as 
shown in Figure 9. Overflow from TL1 not 
only sets TF1 , but also reloads TL1 with the 
contents of TH1, which is preset by software. 
The reload leaves TH1 unchanged. 

Mode 2 operation is the same for 
Timer/Counter 0. 

Modes 

Timer 1 in Mode 3 simply holds its count. The 
effect is the same as setting TR1 = 0. 

Timer 0 in Mode 3 establishes TLO and THO 
as two separate counters. The logic for Mode 
3 on Timer 0 is shown in Figure 10. TLO uses 
the Timer 0 control bits: C/T, GATE, TRO, 
INTO, and TFO. THO is locked into a timer 
function (counting machine cycles) and takes 
over the use of TR1 and TF1 from Timer 1 . 
Thus, THO now controls the "Timer T 
interrupt. 

Mode 3 is provided for applications requiring 
an extra 8-bit timer on the counter. With 
Timer 0 in Mode 3, an 80C51 can look like it 
has three Timer/Counters. When Timer 0 is in 
Mode 3, Timer 1 can be turned on and off by 
switching it out of and into its own Mode 3, or 
can still be used by the serial port as a baud 
rate generator, or in fact, in any application 
not requiring an interrupt. 
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a. NMOS Configuration. 

The enhancement mode transistor is turned on for 2 oscillator periods after Q makes a O-to-1 transition. 


Vcc Vcc Vcc 



During this time, pFET1 also turns on pFETS through the inverter to form a latch which holds the 1. pFET2 is also on. 


Figure 5. Ports 1 and 3 NMOS and CMOS Internal Pullup Configurations 

Port 2 is similar except that it holds the strong pullup on while emitting 1 s that are address bits. 
(See Accessing External Memory.) 


Read-Modify-Write Feature 

Some instructions that read a port read the 
latch and others read the pin. Which ones do 
which? The instructions that read the latch 
rather than the pin are the ones that read a 
value, possibly change it, and then rewrite it 
to the latch. These are called 
“read-modify-write" instructions. The 
instructions listed below are read-modify-write 
instructions. When the destination operand is 
a port, or a port bit, these instructions read 
the latch rather than the pin: 


ANL 

(logical AND, e g., ANL PI, A) 

ORL 

(logical OR, e.g., ORL P2,A) 

XRL 

(logical EX-OR, e.g., 


XRL P3,A) 

JBC 

(jump if bit = 1 and clear bit, 


e.g., JBC PI. 1, LABEL) 

CPL 

(complement bit, e g.. 


CPL P3.0) 


INC (increment, e.g., INC P2) 

DEC (decrement, e.g., DEC P2) 

DJNZ (decrement and jump if not 

zero, e.g., DJNZ P3.LABEL) 
MOV,PX,Y,C (move carry bit to bit Y of 
Port X) 

CLR PX.Y (dear bit Y of Port X) 

SET PX Y (set bit Y of Port X) 

it is not obvious that the last three 
instructions in this list are read-modify-write 
instructions, but they are. They read the port 
byte, all 8 bits, modify the addressed bit, then 
write the new byte back to the latch. 

The reason that read-modify-write 
instructions are directed to the latch rather 
than the pin is to avoid a possible 
misinterpretation of the voltage level at the 
pin. For example, a port bit might be used to 
drive the base of a transistor. When a 1 is 


written to the bit. the transistor is turned on. If 
the CPU then reads the same port bit at the 
pin rather than the latch, it will read the base 
voltage of the transistor and interpret it as a 
0. Reading the latch rather than the pin will 
return the correct value of 1 . 
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ADDR/Data 



Pin 


IntBus 


Write to 
Latch 


Read 

Pin 


Read 


Alternate 

Output 

Function 


Vcc 



Function 


c. Port 2 Bit 


d. Port 3 Bit 


*See Figure 5 for details of the internal pullup. 

Figure 4. 80C51 Port Bit Latches and I/O Buffers 


In the NMOS 8051 part, the fixed part of the 
pullup is a depletion mode transistor with the 
gate wired to the source. This transistor will 
allow the pin to source about 0.25mA when 
shorted to ground. In parallel with the fixed 
pullup is an enhancement mode transistor, 
which is activated during S1 whenever the 
port bit does a O-to-1 transition. During this 
interval, if the port pin is shorted to ground, 
this extra transistor will allow the pin to 
source an additional 30mA. 

In the CMOS 80C51 , the pullup consists of 
three pFETs. It should be noted that an 
n-channel FET (nFET) is turned on when a 
logical 1 is applied to its gate, and is turned 
off when a logical 0 is applied to its gate. A 
p-channel FET (pFET) is the opposite: it is on 
when its gate sees a 0, and off when its gate 
sees a 1 . 


pFET 1 in Figure 5 is the transistor that is 
turned on for 2 osdilator periods after a O-to-1 
transition in the port latch. While it’s on, it 
turns on pFET3 (a weak pullup), through the 
inverter. This inverter and pPET form a latch 
which holds the 1 . 

Note that if the pin is emitting a 1 , a negative 
glitch on the pin from some external source 
can turn off pFET3, causing the pin to go into 
a float state. pFET2 is a very weak pullup 
which is on whenever the nFET is off, in 
traditional CMOS style. It’s only about 1/10 
the strength of pFETI. Its function is to 
restore a 1 to the pin in the event the pin had 
a 1 and lost it to a glitch. 

Port Loading and Interfacing 

The output buffers of Ports 1 , 2, and 3 can 
each drive 4 LS TTL inputs. These ports on 


NMOS versions can be driven in a normal 
manner by a TTL or NMOS circuit. Both 
NMOS and CMOS pins can be driven by 
open-collector and open-drain outputs, but 
note that O-to-1 transitions will not be fast. 

In the NMOS device, if the pin is driven by an 
open-collector output, a O-to-1 transition will 
have to be driven by the relatively weak 
depletion mode FET in Figure 5a. In the 
CMOS device, an input 0 turns off pullup 
pFET3, leaving only the very weak pullup 
pFET2 to drive the transition. 

Port 0 output buffers can each drive 8 LS TTL 
inputs. They do, however, require external 
pullups to drive NMOS inputs, except when 
being used as the ADDRESS/DATA bus for 
external memory. 
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(MSB) 


(LSB) 


CY 


AC 


FO I RSI 


OV 


P 


Svmbgl P9?iti9n Hame flOd Sianifitant? Svmbol Pggitign Name and Significance 


CY 

PSW.7 

Carry flag. 

ov 

PSW.2 

Overflow flag. 

AC 

PSW.6 

Auxiliary Carry flag. (For BCD 

- 

PSW.1 

User-definable flag. 



operations.) 

P 

PSW.0 

Parity flag. SeVcIeared by hardware 

R) 

PSW.5 

Rag 0. (Available to the user for 
general purposes.) 



each instruction cycle to indicate an 
odd/even number of “one” bits in the 

RSI 

PSW.4 

Register bank select control bits 1 



Accumulator, i.e., even parity. 

RSO 

(see 

PSW.3 

and 0. Set/cleared by software to 
determine working register bank 

NOTE: 




Note). 

The contents of (RSI, RSO) enable the working register 
banks as 


follows: 


(0.0)— Bank 0 (00H-O7H) 

(0,1)— Bank 1 (08H-0FH) 

(1.0) — Bank 2 (10H-17H) 

(1.1) — Bank 3 (18H-17H) 


Figure 3. Program Status Word (PSW) Register 


All the Port 3 pins are multifunctional. They 
are not only port pins, but also serve the 
functions of various special features as listed 
below: 

Port 

Pin Alternate Function 

P3.0 RxD (serial input port) 

P3.1 TxD (serial output port) 

P3.2 INTO (external interrupt) 

P3.3 INT1 (external interrupt) 

P3.4 TO (Timer/Counter 0 external input) 
P3.5 T1 (Timer/Counter 1 external input) 
P3.6 WH (external Data Memory write 
strobe) 

P3.7 REJ (external Data Memory read 
strobe) 

The alternate functions can only be activated 
if the corresponding bit latch in the port SFR 
contains a 1. Otherwise the port pin remains 
at 0. 

I/O Configurations 

Figure 4 shows a functional diagram of a 
typical bit latch and I/O buffer in each of the 
four ports. The bit latch (one bit in the port’s 
SFR) is represented as a Type D flip-flop, 
which will clock in a value from the internal 
bus in response to a “write to latch” signal 
from the CPU. The level of the port pin itself 
is placed on the internal bus in response to a 
“read pin” signal from the CPU. Some 
instructions that read a port activate the “read 
latch” signal, and others activate the “read 
pin" signal. 

As shown in Figure 4, the output drivers of 
Port 0 and 2 are switchable to an internal 


AD DR and ADDR/DATA bus by an internal 
CONTROL signal for use in external memory 
accesses. During external memory accesses, 
the P2 SFR remains unchanged, but the PO 
SFR gets 1s written to it. 

Also shown in Figure 4 is that if a P3 bit latch 
contains a 1 , then the output level is 
controlled by the signal labeled “alternate 
output function.” The actual P3.X pin level is 
always available to the pin’s alternate input 
function. If any. 

Ports 1. 2, and 3 have internal pullups, and 
Port 0 has open drain outputs. Each I/O line 
can be independently used as an input or an 
output. (Port 0 and 2 may not be used as 
general purpose I/O when being used as the 
ADDR/DATA BUS for external memory during 
normal operation.) To be used as an input, 
the port bit latch must contain a 1 , which 
turns off the output driver FET. Then, for 
Ports 1 , 2, and 3, the pin Is pulled high by a 
weak internal pullup, and can be pulled low 
by an external source. 

Port 0 differs in that its internal pullups are 
not active during normal port operation. The 
pullup FET in the PO output driver (see 
Figure 4) is used only when the port is 
emitting Is during external memory 
accesses. Otherwise the pullup FET is off. 
Consequently PO lines that are being used as 
output port lines are open drain. Writing a 1 to 
the bit latch leaves both output FETs off, so 
the pin floats. In that condition it can be used 
as a high-impedance Input. 


Because Ports 1 , 2, and 3 have fixed internal 
pullups, they are sometimes called 
“quasi-bidirectional” ports. When configured 
as inputs they pull high and will source 
current (I|l, in the data sheets) when 
externally pulled low. Port 0, on the other 
hand, is considered “true" bidirectional, 
because when configured as an input it 
floats. 

All the port latches in the 80C51 have Is 
written to them by the reset function. If a 0 is 
subsequently written to a port latch, it can be 
reconfigured as an input by writing a 1 to it. 

Writing to a Port 

In the execution of an instruction that 
changes the value in a port latch, the new 
value arrives at the latch during S6P2 of the 
final cycle of the instruction. However, port 
latches are in fact sampled by their output 
buffers only during Phase 1 of an clock 
period. (During Phase 2 the output buffer 
holds the value it saw during the previous 
Phase 1). Consequently, the new value in the 
port latch won’t actually appear at the output 
pin until the next Phase 1, which will be at 
SI PI of the next machine cycle. 

If the change requires a O-to-1 transition in 
Port 1, 2, or 3, an additional pullup is turned 
on during SI PI and SI P2 of the cycle in 
which the transition occurs. This is done to 
increase the transition speed. The extra 
pullup can source about 100 times the current 
that the normal pullup can. It should be noted 
that the internal pullups are field-effect 
transistors, not linear resistors. The pullup 
arrangements are shown in Figure 5. 
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Special Function Registers 

A Map of the on-chip memory area called the 
Special Function Register (SFR) space is 
shown in Figure 2. 

Note that in the SFRs not all of the addresses 
are occupied. Unoccupied addresses are not 
implemented on the chip. Read accesses to 
these addresses will in general return random 
data, and write accesses will have no effect. 

User software should not write 1s to these 
unimplemented locations, since they may be 
used in other 80C51 Family derivative 
products to invoke new features. The 
functions of the SFRs are described in the 
text that follows. 

Accumulator 

ACC is the Accumulator register. The 
mnemonics for Accumulator-Specific 
instructions, however, refer to the 
Accumulator simply as A. 

B Register 

The B register is used during multiply and 
divide operations. For other instructions it can 
be treated as another scratch pad register. 

Program StatusWord 

The PSW register contains program status 
information as detailed in Figure 3. 

Stack Pointer 

The Stack Pointer register is 8 bits wide. It is 


incremented before data is stored during 
PUSH and CALL executions. While the stack 
may reside anywhere in on-chip RAM, the 
Stack Pointer is initialized to 07H after a 
reset. This causes the stack to begin at 
locations OSH. 

Data Pointer 

The Data Pointer (DPTR) consists of a high 
byte (DPH) and a low byte (DPL). Its 
intended function is to hold a 1 6-blt address. 

It may be manipulated as a 16-bit register or 
as two independent 8-bit registers. 

Ports 0 to 3 

PO, PI , P2, and P3 are the SFR latches of 
Ports 0, 1 , 2, and 3, respectively. Writing a 
one to a bit of a port SFR (PO, PI , P2, or P3) 
causes the corresponding port output pin to 
switch high. Writing a zero causes the port 
output pin to switch low. When used as an 
input, the external state of a port pin will be 
held in the port SFR (i.e., if the external state 
of a pin is low, the corresponding port SFR bit 
will contain a 0; if it is high, the bit will contain 
a1). 

Serial Data Buffer 

The Serial Buffer is actually two separate 
registers, a transmit buffer and a receive 
buffer. When data is moved to SBUF, it goes 
to the transmit buffer and is held for serial 
transmission. (Moving a byte to SBUF is what 


initiates the transmission.) When data is 
moved from SBUF, it comes from the receive 
buffer. 

Timer Registers Basic to 80C51 

Register pairs (THO, TLO), and (TH1, TL1) 
are the 16-bit Counting registers for 
Timer/Counters 0 and 1 , respectively. 

Control Register for the 80C51 

Special Function Registers IP, IE, TMOD, 
TCON, SCON, and PCON contain control 
and status bits for the interrupt system, the 
Tlmer/Counters, and the serial port. They are 
described in later sections. 

Port Structures and Operation 

All four ports in the 80C51 are bidirectional. 
Each consists of a latch (Special Function 
Registers PO through P3), an output driver, 
and an input buffer. 

The output drivers of Ports 0 and 2, and the 
input buffers of Port 0, are used in accesses 
to external memory. In this application. Port 0 
outputs the low byte of the external memory 
address, time-multiplexed with the byte being 
written or read. 

Port 2 outputs the high byte of the external 
memory address when the address is 16 bits 
wide. Otherwise, the Port 2 pins continue to 
emit the P2 SFR content. 
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Figure 2. 80C51 SFR Memory Map 
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HARDWARE DESCRIPTION 

This chapter provides a detailed description 
of the 80C51 microcontroller (see Figure 1 ). 
Included in this description are: 

• The port drivers and how they function both 
as ports and, for Ports 0 and 2, in bus 
operations 


• The Timers/Counters 

• The Serial Interface 

• The Interrupt System 


• The Reduced Power Modes in CMOS 
devices 

• The EPROM version of the 80C51 
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Interrupt Priorities 

Each interrupt source can also be individually 
programmed to one of two priority levels by 
setting or clearing a bit In the SFR named IP 
(Interrupt Priority). Figure 18 shows the IP 
register. A low-priority interrupt can be 
interrupted by a high-priority interrupt, but not 
by another low-priority interrupt. A 
high-priority interrupt can’t be interrupted by 
any other interrupt source. 

If two interrupt requests of different priority 
levels are received simultaneously, the 
request of higher priority is serviced. If 
interrupt requests of the same priority level 
are received simultaneously, an internal 
polling sequence determines which request is 
serviced. Thus within each priority level there 
is a second priority structure determined by 
the polling sequence. Figure 19 shows how 
the IE and IP registers and the polling 
sequence work to determine which if any 
interrupt will be serviced. 

In operation, all the interrupt flags are latched 
into the interrupt control system during 
State 5 of every machine cycle. The samples 
are polled during the following machine cycle. 
If the flag for an enabled interrupt is found to 
be set (1), the interrupt system generates an 
LCALL to the appropriate location in Program 
Memory, unless some other condition blocks 
the interrupt. Several conditions can block an 
interrupt, among them that an interrupt of 


equal or higher priority level is already in 
progress. 

The hardware-generated LCALL causes the 
contents of the Program Counter to be 
pushed into the stack, and reloads the PC 
with the beginning address of the service 
routine. As previously noted (Figure 3), the 
service routine for each interrupt begins at a 
fixed location. 

Only the Program Counter is automatically 
pushed onto the stack, not the PSW or any 
other register. Having only the PC 
automatically saved allows the programmer 
to decide how much time should be spent 
saving other registers. This enhances the 
interrupt response time, albeit at the expense 
of increasing the programmer’s burden of 
responsibility. As a result, many interrupt 
functions that are typical in control 
applications toggling a port pin for example, 
or reloading a timer, or unloading a serial 
buffer can often be completed in less time 
than it takes other architectures to complete. 

Simulating a Third Priority Level in 
Software 

Some applications require more than two 
priority levels that are provided by on-chip 
hardware in 80C51 devices. In these cases, 
relatively simple software can be written to 
produce the same effect as a third priority 


level. First, interrupts that are to have higher 
priority than 1 are assigned to priority 1 in the 
Interrupt Priority (IP) register. The service 
routines for priority 1 interrupts that are 
supposed to be interruptable by priority 2 
interrupts are written to include the following 
code; 

PUSH IE 
MOV 1E,#MASK 
CALL LABEL 

(execute service routine) 


POP IE 

RET 

LABEL; RETI 

As soon as any priority interrupt is 
acknowledged, the Interrupt Enable (IE) 
register is redefined so as to disable all but 
priority 2 interrupts. Then a CALL to LABEL 
executes the RETI instruction, which clears 
the priority 1 interrupt-in-progress flip-flop. At 
this point any priority 1 interrupt that is 
enabled can be serviced, but only priority 2 
interrupts are enabled. 

POPing IE restores the original enable byte. 
Then a normal RET (rather than another 
RETI) is used to terminate the service 
routine. The additional software adds lOps 
(at 12MHz) to priority 1 interrupts. 
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Symbol Position 

IE.7 


Position Function 

IE.7 Disables ail interrupts. If EA = 0, no inten-upt 
will be acknowledged. If = 1, each interrupt 
source is individually enabled or disabled by 
setting or clearing its enable bit 

iE.6 Reserved. 

IE.5 Reserved. 

IE.4 Enables or disables the Serial Port interrupt If 

ES = 0, the Serial Port interrupt is disabled. 


IE.3 Enables or disables the Timer 1 Overflow inter- 
rupt. If ETI = 0, the Timer 1 interrupt is disabled. 


IE.2 Enables or disables External InterrupLI. if EXi 
= 0, External Interrupt l is disabled. 


IE.1 Enables or disables the Timer 0 Overflow inter- 
rupt„ If ETO = 0, the Timer 0 interrupt is dis- 
abled. 

IE.0 Enables or disables External Interrupt 0. If EXO 
= 0, External interrupt 0 is disabled. 


Figure 17. Interrupt Enable (IE) Register 


80C51 family architecture 


Defines the Serial Port interrupt priority level. 
PS :: 1 programs it to the higher priority level. 


Defines theHmer 1 interrupt priority level. PTI = 
1 programs it to the higher priority level. 


Defines the External Interrupt 1 priority level. 
PX1 = 1 programs it to the higher priority level. 


Enables or disables the Timer 0 Interrupt prior- 
ity level. PTO = 1 programs it to the higher prior- 
ity level. 

Defines the External Interrupt 0 priority level. 
PXO = 1 programs it to the higher priority level. 


Figure 18. interrupt Priority (IP) Register 



High Pnonty 
Interrupt 


Low Priority 
Interrupt 


Figure 19. Interrupt Control System 
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S2 I S3 I S4 I SS 


SI I S2 I S3 I S4 1 S5 I S6 I SI 


Pi P2 PI P2 Pi P2 PI P2 Pi P2 Pi P2 PI P2 Pi P2 Pi P2 Pi P2 Pi P2 Pi P2 


Read next . 

Read opcode. i — opcode ' 

(discard). | 


S2 S3 S4 SS S6 


Read next opcode again. 


a. 1“byte, 1-cycle Instruction, e.g,, INC A 


d opcode. p Read 2nd byte, j p Read next opcode. 


S2 S3 S4 S5 S6 


b. 2-byte, 1-cycle Instruction, e.g., ADD A,#data 


Read next opcode again. 


i opcode. Read next i 

opcode (discard) 


S2 S3 S4 S5 S6 Si S2 S3 S4 S5 


c. 1-byte, 2-cycle Instruction, e.g., INC DPTR 



Read next opcode again. 



Read opcode. 
(MOVX) 


Read next I 
opcode (discard)l 


S2 S3 S4 S5 S6 Si S2 S3 S4 S5 S6 


AODR DATA 


Access external memory. 


d. MOVX (1-byte, 2-cycle) 


Figure 15. State Sequence in 80C51 Family Devices 
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Quartz crystal 
or ceramic 
resonator 



HMOS or 

CMOS 

XTAL2 

br 


=! T 



1 C2 



1 T 


XTAL1 


» — 

vss 


Figure 1 3. Using the On-Chip Oscillator 




XTAL2 

External 

clock 


XTAL2 


XTAL2 


A 

signal 



clock _ 


XTAL1 



XTAL1 

^^dock 

XTALl 

signal 


1 

h 

signal 

Vss 

Vss 

Vss 



J 

r 



a. NMOS or CMOS b. NMOS Only c. CMOS Only 

Figure 14. Using an External Clock 


Figure 16 shows the signals and timing 
involved in program fetches when the 
Program Memory is external. If Program 
Memory is external, then the Program 
Memory read strobe PSEN is normally 
activated twice per machine cycle, as shown 
in Figure 16a. If an access to external Data 
Memory occurs, as shown in Figure 16b, two 
PSENs are skipped, because the address 
and data bus are being used for the Data 
Memory access. 

Note that a Data Memory bus cycle takes 
twice as much time as a Program Memory 
bus cycle. Figure 16 shows the relative timing 
of the addresses being emitted at Ports 0 and 
2, and of ALE and PsEN. ALE is used to 


latch the low address byte from PO into the 
address latch. 

When the CPU is executing from internal 
Program Memory, PSEN is not activated, and 
program addresses are not emitted. However, 
ALE continues to be activated twice per 
machine cycle and so it is available as a 
clock output signal. Note, however, that one 
ALE is skipped during the execution of the 
MOVX instruction. 

Interrupt Structure 

The 80C51 and its ROMIess and EPROM 
versions have 5 interrupt sources: 2 external 
interrupts, 2 timer interrupts, and the serial 
port interrupt. 


What follows is an overview of the interrupt 
structure for the device. More detailed 
information for specific members of the 
80C51 derivative family is provided in later 
chapters of this user’s guide. 

Interrupt Enables 

Each interrupt source can be individually 
enabled or disabled by setting or clearing a 
bit in the SFR named IE (Interrupt Enable). 
This register also contains a global disable 
bit, which can be cleared to disable all 
interrupts at once. Figure 17 shows the IE 
register. 
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The RL A instruction converts the index 
number (0 through 4) to an even number on 
the range 0 through 8, because each entry in 
the jump table is 2 bytes long: 

JUMP TABLE: 

AJMP CASE 0 
AJMP CASE 1 
AJMP CASE 2 
AJMP CASE 3 
AJMP CASE 4 

Table 7 shows a single “CALL addr" 
instruction, but there are two of them, LCALL 
and ACALL, which differ in the format in 
which the subroutine address is given to the 
CPU. CALL is a generic mnemonic which can 
be used if the programmer does not care 
which way the address is encoded. 

The LCALL instruction uses the 16-bit 
address format, and the subroutine can be 
anywhere in the 64k Program Memory space. 
The ACALL instruction uses the 11 -bit format, 
and the subroutine must be in the same 2k 
block as the instruction following the ACALL 

In any case, the programmer specifies the 
subroutine address to the assembler in the 
same way: as a label or as a 16-bit constant. 
The assembler will put the address into the 
correct format for the given instructions. 

Subroutines should end with a RET 
instruction, which returns execution to the 
instruction following the CALL. 

RETI is used to return from an interrupt 
service routine. The only difference between 
RET and RETI is that RETI tells the interrupt 
control system that the interrupt in progress is 
done. If there is no interrupt in progress at the 
time RETI is executed, then the RETI is 
functionally identical to RET. 

Table 8 shows the list of conditional jumps 
available to the 80C51 user. All of these 
jumps specify the destination address by the 
relative offset method, and so are limited to a 
jump distance of -128 to +127 bytes from the 
instruction following the conditional jump 
instruction. Important to note, however, the 
user specifies to the assembler the actual 


destination address the same way as the 
other jumps: as a label or a 16-blt constant. 

There is no Zero bit in the PSW. The JZ and 
JNZ instructions test the Accumulator data for 
that condition. 

The DJNZ instruction (Decrement and Jump 
if Not Zero) is for loop control. To execute a 
loop N times, load a counter byte with N and 
terminate the loop with a DJNZ to the 
beginning of the loop, as shown below for N = 
10. 

MOV COUNTER.#10 

LOOP: (begin loop) 


(end loop) 

DJNZ COUNTER. LOOP 

(continue) 

The CJNE instruction (Compare and Jump if 
Not Equal) can also be used for loop control 
as in Figure 12. Two bytes are specified in 
the operand field of the instruction. The jump 
is executed only if the two bytes are not 
equal. In the example of Figure 1 2, the two 
bytes were data in R1 and the constant 2AH. 
The initial data in R1 was 2EH. Every time 
the loop was executed, R1 was decremented, 
and the looping was to continue until the R1 
data reached 2AH. 

Another application of this instruction is in 
“greater than, less than” comparisons. The 
two bytes in the operand field are taken as 
unsigned integers. If the first is less than the 
second, then the Carry bit is set (1). If the first 
is greater than or equal to the second, then 
the Carry bit is cleared. 

CPU Timing 

All 80C51 microcontrollers have an on-chip 
oscillator which can be used if desired as the 
clock source for the CPU. To use the on-chip 
oscillator, connect a crystal or ceramic 
resonator between the XTAL1 and XTAL2 
pins of the microcontroller, and capacitors to 
ground as shown in Figure 13. 


Examples of how to drive the clock with an 
external oscillator are shown in Figure 14. 
Note that in the NMOS devices (8051, etc.) 
the signal at the XTAL2 pin actually drives the 
internal clock generator. In the CMOS 
devices (80C51 , etc.), the signal at the 
XTAL1 pin drives the Internal clock generator. 
The internal clock generator defines the 
sequence of states that make up the 80C51 
machine cycle. 

Machine Cycles 

A machine cycle consists of a sequence of 6 
states, numbered SI through S6. Each state 
time lasts for two oscillator periods. Thus a 
machine cycle takes 12 oscillator periods or 
1)is if the oscillator frequency is 1 2MHz. 

Each state is divided into a Phase 1 half and 
a Phase 2 half. Figure 15 shows that 
fetch/execute sequences in states and 
phases for various kinds of instructions. 
Normally two program fetches are generated 
during each machine cycle, even if the 
instruction being executed doesn’t require it. 

If the instruction being executed doesn't need 
more code bytes, the CPU simply ignores the 
extra fetch, and the Program Counter is not 
incremented. 

Execution of a one-cycle instruction 
(Figures 15a and 15b) begins during State 1 
of the machine cycle, when the opcode is 
latched into the Instruction Register. A 
second fetch occurs during S4 of the same 
machine cycle. Execution is complete at the 
end of State 6 of this machine cycle. 

The MOVX instructions take two machine 
cycles to execute. No program fetch is 
generated during the second cycle of a 
MOVX instruction. This is the only time 
program fetches are skipped. The 
fetch/execute sequence for MOVX 
instructions is shown in Figure 15d. 

The fetch/execute sequences are the same 
whether the Program Memory is internal or 
external to the chip. Execution times do not 
depend on whether the Program Memory is 
internal or external. 


Table 8. Conditional Jumps in 80C51 Devices 


MNEMONIC 

OPERATION 

ADDRESSING MODES 


DIR 1 IND 1 REG 

IMM 

JZ rel 

Jump if A = 0 

Accumulator only 

2 

JNZ rel 

Jump if A 0 

Accumulator only 

2 

DJNZ <byte>,rel 

Decrement and jump if not zero 

X 


X 


2 

CJNE A,<byte>,rel 

Jump if A <byte> 

X 



X 

2 

CJNE <byte>,#data,rel 

Jump if <byte> ^ #data 


X 

X 


2 
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Table 6. 80C51 Boolean Instructions 


MNEMONIC 

OPERATION 

EXECUTION TIME (ps) 

ANL 

C,bit 

C = C.AND.bit 

2 

ANL 

C./bit 

C = C.AND..NOT.bit 

2 

ORL 

C,bit 

C = C.OR.bit 

2 

ORL 

C./bit 

C = C.OR..NOT.bit 

2 

MOV 

C,bit 

C = bit 

1 

MOV 

bit,C 

cr 

II 

O 

2 

CLR 

C 

o 

II 

O 

1 

CLR 

bit 

gr 

II 

o 

1 

SETB 

C 

C = 1 

1 

SETB 

bit 

bit= 1 

1 

CPL 

C 

C = .NOTC 

1 

CPL 

bit 

bit=.NOT.bit 

1 

JC 

rel 

Jump if C = 1 

2 

JNC 

rel 

Jump if C = 0 

2 

JB 

bit, rel 

Jump if bit = 1 

2 

JNB 

bit, rel 

Jump if bit = 0 

2 

JBC 

bit, rel 

Jump if bit = 1 : CLR bit 

2 


Jump Instructions 

Table 7 shows the list of unconditional jumps 
with execution time for a 12MHz clock. 

The table lists a single “JMP addr” instruction, 
but in fact there are three SJMP, LJMP, and 
AJMP, which differ in the format of the 
destination address. JMP is a generic 
mnemonic which can be used if the 
programmer does not care which way the 
jump is encoded. 

The SJMP instruction encodes the 
destination address as a relative offset, as 
described above. The instruction is 2 bytes 
long, consisting of the opcode and the 
relative offset byte. The jump distance is 
limited to a range of -128 to +1 27 bytes 
relative to the instruction following the SJMP. 

The LJMP instruction encodes the destination 
address as a 16-bit constant. The instruction 


is 3 bytes long, consisting of the opcode and 
two address bytes. The destination address 
can be anywhere in the 64k Program Memory 
space. 

The AJMP instruction encodes the 
destination address as an 1 1 -bit constant. 

The instruction is 2 bytes long, consisting of 
the opcode, which itself contains 3 of tiie 1 1 
address bits, followed by another byte 
containing the low 8 bits of the destination 
address. When the instruction is executed, 
these 1 1 bits are simply substituted for the 
low 11 bits in the PC. The high 5 bits stay the 
same. Hence the destination has to be within 
the same 2k block as the instruction following 
the AJMP. 

In all cases the programmer specifies the 
destination address to the assembler in the 
same way; as a label or as a 16-bit constant. 
The assembler will put the destination 


address into the correct format for the given 
instruction. If the format required by the 
instruction will not support the distance to the 
specified destination address, a “Destination 
out of range" message is written into the List 
file. 

The JMP @A+DPTR instruction supports 
case jumps. The destination address is 
computed at execution time as the sum of the 
16-bit DPTR register and the Accumulator. 
Typically, DPTR is set up with the address of 
a jump table. In a 5-way branch, for example, 
an Integer 0 through 4 Is loaded into the 
Accumulator. The code to be executed might 
be as follows; 

MOV DPTR.#JUMP TABLE 
MOV A,INDEX_NUMBER 
RL A 

JMP <s>A+DPTR 


Table 7. Unconditional Jumps in 80C51 Devices 


MNEMONIC 

OPERATION 

EXECUTION TIME (ps) 

JMP addr 

Jump to addr 

2 

JMP @A+DPTR 

Jump to A + DPTR 

2 

CALL addr 

Call subroutine at addr 

2 

RET 

Return from subroutine 

2 

RETI 

Return from interrupt 

2 

NOP 

No operation 

1 
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Table 4. 80C51 Data Transfer Instructions that Access External Data Memory Space 


ADDRESS 

WIDTH 

MNEMONIC 

OPERATION 

EXECUTION 

TIME(^s) 

8 bits 

MOVX A,@Ri 

Read external RAM @Ri 

2 

8 bits 

MOVX @Ri,A 

Write external RAM (2) Ri 

2 

16 bits 

MOVX A,@DPTR 

Read external RAM (2> DPTR 

2 

16 bits 

MOVX @DPTR,A 

Write external RAM (§> DPTR 

2 


Lookup Tables 

Table 5 shows the two instructions that are 
available for reading lookup tables in 
Program Memory. Since these instructions 
access only Program Memory, the lookup 
tables can only be read, not updated. 

If the table access is to external Program 
Memory, then the read strobe is PSEN. 

The mnemonic is MOVC for “move constant.” 
The first MOVC instruction in Table 5 can 
accommodate a table of up to 256 entries 
numbered 0 through 255. The number of the 
desired entry is loaded into the Accumulator, 
and the Data Pointer is set up to point to the 
beginning of the table. Then; 

MOVC A,(2)A+DPTR 

copies the desired table entry into the 
Accumulator. 

The other MOVC instruction works the same 
way, except the Program Counter (PC) is 
used as the table base, and the table is 
accessed through a subroutine. First the 
number of the desired entry is loaded into the 
Accumulator, and the subroutine is called: 

MOV A,ENTRY NUMBER 
CALL TABLE 

The subroutine “TABLE" would look like this; 

TABLE: MOVC A,@A+PC 
RET 

The table itself immediately follows the RET 
(return) instruction in Program Memory. This 
type of table can have up to 255 entries, 
numbered 1 through 255. Number 0 cannot 
be used, because at the time the MOVC 
Instruction is executed, the PC contains the 
address of the RET instruction. An entry 
numbered 0 would be the RET opcode itself. 

Boolean Instructions 

80C51 devices contain a complete Boolean 
(single-bit) processor. The internal RAM 

Table 5. 


contains 1 28 addressable bits, and the SFR 
space can support up to 1 28 addressable bits 
as well. All of the port lines are 
bit-addressable, and each one can be treated 
as a separate single-bit port. The instructions 
that access these bits are not just conditional 
branches, but a complete menu of move, set, 
clear, complement, OR, and AND 
instructions. These kinds of bit operations are 
not easily obtained in other architectures with 
any amount of byte-oriented software. 

The instruction set for the Boolean processor 
is shown in Table 6. All bit accesses are by 
direct addressing. 

Bit addresses OOH through 7FH are in the 
Lower 128, and bit addresses 80H through 
FFH are in SFR space. 

Note how easily an internal flag can be 
moved to a port pin; 

MOV C,FLAG 
MOV P1.0,C 

In this example, FLAG is the name of any 
addressable bit in the Lower 128 or SFR 
space. An I/O line (the LSB of Port 1 , in this 
case) Is set or cleared depending on whether 
the flag bit is 1 or 0. 

The Carry bit In the PSW is used as the 
single-bit Accumulator of the Boolean 
processor. Bit instructions that refer to the 
Carry bit as C assemble as Carry-specific 
instructions (CLR C, etc.). The Carry bit also 
has a direct address, since it resides in the 
PSW register, which is bit-addressable. 

Note that the Boolean instruction set includes 
AN L and ORL operations, but not the XRL 
(Exclusive OR) operation. An XRL operation 
is simple to implement In software. Suppose, 
for example, it is required to form the 
Exclusive OR of two bits: 


C = biti .XRL. bit2 

The software to do that could be as follows: 

MOV C.biti 

JNB bit2,OVER 

CPL C 

OVER: (continue) 

First, biti is moved to the Carry. If bit2 = 0, 
then C now contains the correct result. That 
is, biti .XRL. bit2 = biti if bit2 = 0. On the 
other hand, if bit2 = 1 , C now contains the 
complement of the correct result. It need only 
be inverted (CPL C) to complete the 
operation. 

This code uses the JNB instruction, one of a 
series of bit-test instructions which execute a 
jump if the addressed bit is set (JC, JB, JBC) 
or if the addressed bit is not set (JNC, JNB). 
In the above case, bit2 is being tested, and if 
bit2 = 0, the CPL C instruction is jumped 
over. 

JBC executes the jump if the addressed bit is 
set, and also clears the bit. Thus a flag can 
be tested and cleared in one operation. All 
the PSW bits are directly addressable, so the 
Parity bit, or the general purpose flags, for 
example, are also available to the bit-test 
instructions. 

Relative Offset 

The destination address for these jumps is 
specified to the assembler by a label or by an 
actual address in Program memory. However, 
the destination address assembles to a 
relative offset byte. This is a signed (two’s 
complement) offset byte which is added to 
the PC in two’s complement arithmetic if the 
jump is executed. The range of the jump is 
therefore -128 to +127 Program Memory 
bytes relative to the first byte following the 
instruction. 


80C51 Lookup Table Read Instructions 


MNEMONIC 

OPERATION 

EXECUTION TIME (pis) 

MOVC A,<§>A+DPTR 

Read program memory at (A + DPTR) 

2 

MOVC A,@A+PC 

Read program memory at (A + PC) 

2 
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Table 3. Data Transfer Instructions that Access Internal Data Memory Space 


MNEMONIC 

OPERATION 

ADDRESSING MODES 

EXECUTION 

TIME (ps) 

DIR 

IND 

REG 

IMM 

MOV A,<src> 

A = <src> 

X 

X 

X 

X 

1 

MOV <dest>,A 

<dest> = A 

X 

X 

X 


1 

MOV <dest>,<src> 

<dest> = <src> 

X 

X 

X 

X 

2 

MOV DPTR,#data16 

DPTR = 16-bit immediate constant 




X 

2 

PUSH <src> i 

INC SP:MOV'‘(®SP”,<sro 

X 

1 



2 

POP <dest> 

MOV <dest>,*‘(g>SP’’:DEC SP 

X 




2 

XCH A.<byte> 

ACC and <byte> exchange data 

X 


X 


1 

XCHD A,@Ri 

ACC and @Ri exchange low nibbles 


X 



1 


The XCH A, <byte> instruction causes the 
Accumulator and addressed byte to 
exchange data. The XCHD A, @Ri 
instruction is similar, but only the low nibbles 
are involved in the exchange. 

To see how XCH and XCHD can be used to 
facilitate data manipulations, consider first the 
problem of shifting an 8-digit BCD number 
two digits to the right. Figure 11 shows how 
this can be done using direct MOVs, and for 
comparison how it can be done using XCH 
instructions. To aid in understanding how the 
code works, the contents of the registers that 
are holding the BCD number and the content 
of the Accumulator are shown alongside each 
instruction to indicate their status after the 
instruction has been executed. 

After the routine has been executed, the 
Accumulator contains the two digits that were 
shifted out on the right. Doing the routine with 
direct MOVs uses 14 code bytes and 9p.s of 
execution time (assuming a 12MHz clock). 
The same operation with XCHs uses only 9 
bytes and executes almost twice as fast. 


To right-shift by an odd number of digits, a 
one-digit shift must be executed. 

Figure 1 2 shows a sample of code that will 
right-shift a BCD number one digit, using the 
XCHD instruction. Again, the contents of the 
registers holding the number and of the 
Accumulator are shown alongside each 
instruction. 

First, pointers R1 and RO are set up to point 
to the two bytes containing the last four BCD 
digits. Then a loop is executed which leaves 
the last byte, location 2EH, holding the last 
two digits of the shifted number. The pointers 
are decremented, and the loop is repeated for 
location 2DH. The CJNE instruction 
(Compare and Jump if Not Equal) is a loop 
control that will be described later. The loop 
executed from LOOP to CJNE for R1 = 2EH, 
2DH, 2CH, and 2BH. At that point the digit 
that was originally shifted out on the right has 
propagated to location 2AH. Since that 
location should be left with Os, the lost digit is 
moved to the Accumulator. 


External RAM 

Table 4 shows a list of the Data Transfer 
instructions that access external Data 
Memory. Only indirect addressing can be 
used. The choice is whether to use a 
one-byte address, @Ri, where Ri can be 
either RO or RI of the selected register bank, 
or a two-byte address, (2>DPTR. The 
disadvantage to using 16-bit addresses if only 
a few k bytes of external RAM are involved is 
that 16-bit addresses use all 8 bits of Port 2 
as address bus. On the other hand, 8-bit 
addresses allow one to address a few bytes 
of RAM, as shown in Figure 5, without having 
to sacrifice all of Port 2. All of these 
instructions execute in 2 ps, with a 12MHz 
clock. 

Note that in all external Data RAM accesses, 
the Accumulator is always either the 
destination or source of the data. 

The read and write strobes to external RAM 
are activated only during the execution of a 
MOVX instruction. Normally these signals are 
inactive, and in fact if they're not going to be 
used at all, their pins are available as extra 
I/O lines. 



2A 

2B 

2C 

2D 

2E 

ACC 

MOV A.2EH 

00 

12 

34 

56 

78 

78 

MOV 2EH,2DH 

00 

12 

34 

56 

56 

78 

MOV 2DH,2CH 

00 

12 

34 

34 

56 

78 

MOV 2CH,2BH 

00 

12 

12 

34 

56 

78 

MOV 2BH.#0 

00 

00 

12 

34 

56 

78 

A. Using direct MOVs: 14 bytes, 9 ^s 






2A 

2B 

2C 

2D 

2E 

ACC 

CLR A 

00 

12 

34 

56 

78 

00 

XCH A,2BH 

00 

00 

34 

56 

78 

12 

XCH A.2CH 

00 

00 

12 

56 

78 

34 

XCH A,2DH 

00 

00 

12 

34 

78 

56 

XCH A2EH 

00 

00 

12 

34 

56 

78 

B. Using XCHs: 9 bytes, 5 ^s 






Figure 11. Shifting a BCD Number Two Digits to the Right 



2A 

2B 

2C 

2D 

2E 

ACC 

MOV R1.#2EH 

00 

12 

34 

56 

78 

XX 

MOV R0,#2DH 

00 

12 

34 

56 

78 

XX 

loop for RI « 2EH; 







LOOP: MOV A,@R1 

00 

12 

34 

56 

78 

78 

XCHD A,@R0 

00 

12 

34 

58 

78 

76 

SWAP A 

00 

12 

34 

58 

78 

67 

MOV @R1,A 

00 

12 

34 

58 

67 

67 

DEC RI 

00 

12 

34 

58 

67 

67 

DEC RO 

00 

12 

34 

58 

67 

67 

CJNE R1,#2AH.LOOP 






loop for RI - 2DH: 

00 

1 1 

38 1 

1 ^ 1 

1 67 1 

1 

loop for RI =2CH; 

00 

18 

23 

45 

67 

23 

06 

01 

23 

1 45 1 

1 67 1 

1 01 

loop for RI = 2BH: 

CLR A 

08 

01 

23 

45 1 

67 

00 

XCH A.2AH 

00 

1 O'* 

23 

1 1 

67 

08 

Figure 12. Shifting a BCD Number One Digit to the Right 
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Logical Instructions 

Table 2 shows the list of 80C51 logical 
instructions. The instructions that perform 
Bcolean operations (AND, OR, Exclusive OR, 
NOT) on bytes perform the operation on a 
bit-by-bit basis. That Is. if the Accumulator 
contains 00110101 Band byte contains 
01 01 001 IB, then; 

ANL A, <byte> 

will leave the Accumulator holding 
00010001 B. 

The addressing modes that can be used to 
access the <byte> operand are listed in 
Table 2. 

The ANL A, <byte> instruction may take any 
of the forms: 

ANL A,7FH (direct addressing) 

ANL A,@R1 (indirect addressing) 
ANL A,R6 (register addressing) 
ANL A.#53H (immediate constant) 

All of the logical instructions that are 
Accumulator-spedfic execute in Ips (using a 
12MHz clock). The others take 2)is. 

Note that Boolean operations can be 
performed on any byte in the internal Data 
Memory space without going through the 
Accumulator. The XRL <byte>, #data 
instruction, for example, offers a quick and 
easy way to Invert port bits, as in XRL P1 , 
#OFFH. 


If the operation is in response to an interrupt, 
not using the Accumulator saves the time and 
effort to push it onto the stack in the service 
routine. 

The Rotate instructions (RL, A. RLC A, etc.) 
shift the Accumulator 1 bit to the left or right. 
For a left rotation, the MSB rolls into the LSB 
position. For a right rotation, the LSB rolls 
into the MSB position. 

The SWAP A instruction interchanges the 
high and low nibbles within the Accumulator. 
This is a useful operation in BCD 
manipulations. For example, if the 
Accumulator contains a binary number which 
is known to be less than 1 00, it can be 
quickly converted to BCD by the following 
code: 

MOVE B,#10 
DIV AB 
SWAP A 
ADD A.B 

Dividing the number by 10 leaves the tens 
digit in the low nibble of the Accumulator, and 
the ones digit in the B register. The SWAP 
and ADD instructions move the tens digit to 
the high nibble of the Accumulator, and the 
ones digit to the low nibble. 

Data Transfers 

Internal RAM 

Table 3 shows the menu of instructions that 
are available for moving data around within 


the internal memory spaces, and the 
addressing modes that can be used with 
each one. With a 1 2MHz clock, all of these 
instructions execute in either 1 or 2p.s. 

The MOV <dest>, <src> instruction allows 
data to be transferred between any two 
internal RAM or SFR locations without going 
through the Accumulator. Remember, the 
Upper 128 bytes of data RAM can be 
accessed only by indirect addressing, and 
SFR space only by direct addressing. 

Note that in 80C51 devices, the stack resides 
in on-chip RAM, and grows upwards. The 
PUSH instruction first increments the Stack 
Pointer (SP), then copies the byte into the 
stack. PUSH and POP use only direct 
addressing to identify the byte being saved or 
restored, but the stack itself is accessed by 
indirect addressing using the SP register. 

This means the stack can go into the Upper 
128 bytes of RAM. if they are implemented, 
but not into SFR space. 

The Upper 128 bytes of RAM are not 
implemented in the 80C51 nor in its ROMIess 
or EPROM counterparts. With these devices, 
if the SP points to the Upper 128, PUSHed 
bytes are lost, and POPed bytes are 
indeterminate. 

The Data Transfer instructions include a 
16-bit MOV that can be used to initialize the 
Data Pointer (DPTR) for look-up tables in 
Program Memory, or for 1 6-bit external Data 
Memory accesses. 


Table 2. 80C51 Logical Instructions 


MNEMONIC 

OPERATION 

ADDRESSING MODES 

EXECUTION 

TIME(ps) 

DIR 

IND 

REG 

IMM 

ANL A,<byte> 

A = A.AND. <byte> 

X 

X 

X 

X 

1 

ANL <byte>,A 

<byte> = <byte> .AND. A 

X 




1 

ANL <byte>,#data 

<byte> = <byte> .AND.#data 

X 




2 

ORL A,<byte> 

A = A.OR.<byte> 

X 

X 

X 

X 

1 

ORL <byte>,A 

<byte> = <byte> .OR A 

X 




1 

ORL <byte>,#data 

<byte> = <byte> .OR.#data 

X 




2 

XRL A,<byte> 

A = A.XOR. <byte> 

X 

X 

X 

X 

1 

XRL <byte>,A 

<byte> = <byte> .XOR.A 

X 




1 

XRL <byte>,#data 

<byte> = <byte> .XOR.#data 

X 




2 

CRLA 

A = 00H 

Accumulator only 

1 

GPL A 

A = .NOTA 

Accumulator only 

1 

RLA 

Rotate ACC Left 1 bit 

Accumulator only 

1 

RLC A 

Rotate Left through Carry 

Accumulator only 

1 

RRA 

Rotate ACC Right 1 bit 

Accumulator only 

1 

RRCA 

Rotate Right through Carry 

Accumulator only 

1 

SWAP A 

Swap Nibbles in A 

Accumulator only 

1 
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Addressing Modes 

The addressing modes in the 80C51 
instruction set are as follows; 

Direct Addressing 

In direct addressing the operand is specified 
by an 8-bit address field in the instruction. 
Only internal Data RAM and SFRs can be 
directly addressed. 

Indirect Addressing 

In indirect addressing the instruction specifies 
a register which contains the address of the 
operand. Both internal and external RAM can 
be indirectly addressed. 

The address register for 8-bit addresses can 
be RO or R1 of the selected bank, or the 
Stack Pointer. The address register for 1 6-bit 
addresses can only be the 16-bit “data 
pointer” register, DPTR. 

Register Instructions 

The register banks, containing registers RO 
through R7, can be accessed by certain 
instructions which carry a 3-bit register 
specification within the opcode of the 
instruction. Instructions that access the 
registers this way are code efficient, since 
this mode eliminates an address byte. When 
the instruction is executed, one of the eight 
registers in the selected bank is accessed. 
One of four banks is selected at execution 
time by the two bank select bits in the PSW. 

Register-Specific Instructions 

Some instructions are specific to a certain 
register. For example, some instructions 
always operate on the Accumulator, or Data 
Pointer, etc., so no address byte is needed to 
point to it. The opcode itself does that. 
Instructions that refer to the Accumulator as 
A assemble as accumulator specific opcodes. 


Immediate Constants 

The value of a constant can follow the 

opcode in Program Memory. For example, 

MOV A, #100 

loads the Accumulator with the decimal 
number 100. The same number could be 
specified in hex digits as 64H. 

indexed Addressing 

Only program Memory can be accessed with 
indexed addressing, and it can only be read. 
This addressing mode Is Intended for reading 
look-up tables in Program Memory A 16-bit 
base register (either DPTR or the Program 
Counter) points to the base of the table, and 
the Accumulator is set up with the table entry 
number. 

The address of the table entry in Program 
Memory is formed by adding the Accumulator 
data to the base pointer. 

Another type of indexed addressing is used in 
the “case jump” instruction. In this case the 
destination address of a jump instruction is 
computed as the sum of the base pointer and 
the Accumulator data. 

Arithmetic instructions 

The menu of arithmetic instructions is listed in 
Table 1 . The table indicates the addressing 
modes that can be used with each instruction 
to access the <byte> operand. For example, 
the ADD A,<byte> instruction can be written 
as: 

ADD a, 7FH (direct addressing) 

ADD A, @R0 (indirect addressing) 

ADD a, R7 (register addressing) 

ADD A, #127 (immediate constant) 

The execution times listed in Table 1 assume 
a 1 2MHz clock frequency. All of the arithmetic 


instructions execute in Ips except the INC 
DPTR instruction, which takes 2p.s, and the 
Multiply and Divide instructions, which take 
4|is. 

Note that any byte in the internal Data 
Memory space can be incremented without 
going through the Accumulator. 

One of the INC instructions operates on the 
16-bit Data Pointer. The Data Pointer is used 
to generate 16-bit addresses for external 
memory, so being able to increment it in one 
16-bit operation is a useful feature. 

The MUL AB instruction multiplies the 
Accumulator by the data in the B register and 
puts the 16-bit product into the concatenated 
B and Accumulator registers. 

The DIV AB instruction divides the 
Accumulator by the data in the B register and 
leaves the 8-bit quotient in the Accumulator, 
and the 8-bit remainder in the B register. 

Oddly enough, DIV AB finds less use in 
arithmetic “divide" routines than in radix 
conversions and programmable shift 
operations. An example of the use of DIV AB 
in a radix conversion will be given later. In 
shift operations, dividing a number by 2n 
shifts its n bits to the right. Using DIV AB to 
perform the division completes the shift in 
4p.s and leaves the B register holding the bits 
that were shifted out. The DA A instruction is 
for BCD arithmetic operations. In BCD 
arithmetic, ADD and ADDC instructions 
should always be followed by a DA A 
operation, to ensure that the result is also in 
BCD. Note that DA A will not convert a binary 
number to BCD. The DA A operation 
produces a meaningful result only as the 
second step in the addition of two BCD bytes. 


Table 1. 80C51 Arithmetic Instructions 


MNEMONIC 

OPERATION 

ADDRESSING MODES 

EXECUTION 



DIR 

IND 

REG 

IMM 

TIME (ps) 

ADD A,<byte> 

A = A + <byte> 

X 

X 

X 

X 

1 

ADDC A,<byte> 

A = A + <byte> + C 

X 

X 

X 

X 

1 

SUBB A,<byte> 

A = A - <byte> - C 

X 

X 

X 

X 

1 

INCA 

A = A+ 1 

Accumulator only 

1 

INC <byte> 

<byte> = <byte> + 1 

X 

1 

X 


1 

INC DPTR 

DPTR = DPTR + 1 

Data Pointer only 

2 

DEC A 

1 

< 

II 

< 

Accumulator only 

1 

DEC <byte> 

1 

A 

CD 

V 

II 

A 

0) 

>, 

X! 

V 

X 

X 

X 


1 

MULAB 

B:A = BxA 

ACC and B only 

4 

DIV AB 

A = lnt[A/B] 

B = Mod[/VB] 

ACC and B only 

4 

DA A 

Decimal Adjust 

Accumulator only 

1 
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FFH 


Register-Mapped Ports 

EOH 

ACC 




Addresses that end in OH or 

8H are also 
bit-addressable. 

BOH 

Ports 




AOH 

Port 2 

- Port Pins 

- Accumulator 




90H 

Porti 

(Etc.) 




80H 

Porto 



Figures. SFR Space 


.J 


Carry flag receives carry out 
from bit 7 of ALU operands 


Auxiliary carry flag receives carry out from 
bit 3 of addition operaiKis. 


PSW5 - 

General purpose status flag 


PSW4 - 

Register bank select bit 1 


L 


PSWO 

Parity of accumulator set 
by hardware to 1 if it contains 
an odd number of is; otherwise 
it is reset to 0. 


PSWI 

User-definable flag 


Overflow flag set by 
arithmetic operations 


PSW3 

Register bank select bit 0 


Figure 10. PSW (Program Status Word) Register in 80C51 Devices 


80C51 FAMILY INSTRUCTION SET 

The 80C51 instruction set is optimized for 
8-bit control applications. It provides a variety 
of fast addressing modes for accessing the 
internal RAM to facilitate byte operations on 
small data structures. The instruction set 
provides extensive support for one-bit 
variables as a separate data type, allowing 
direct bit manipulation in control and logic 
systems that require Boolean processing. 

Program Status Word 

The Program Status Word (PSW) contains 
several status bits that reflect the current 


state of the CPU. The PSW. shown in 
Figure 10, resides in the SFR space. It 
contains the Carry bit, the Auxiliary Carry (for 
BCD operations), the two register bank select 
bits, the Overflow flag, a Parity bit, and two 
user-definable status flags. 

The Carry bit, other than serving the function 
of a Carry bit in arithmetic operations, also 
serves as the “Accumulator” for a number of 
Boolean operations. 

The bits RSO and RSI are used to select one 
of the four register banks shown in Figure 7. 

A number of instructions refer to these RAM 


locations as RO through R7. The selection of 
which of the four is being referred to is made 
on the basis of the RSO and RSI at execution 
time. 

The Parity bit reflects the number of 1 s in the 
Accumulator: P = 1 if the Accumulator 
contains an odd number of 1 s, and P = 0 if 
the Accumulator contains an even number of 
Is. Thus the number of Is in the Accumulator 
plus P is always even. Two bits in the PSW 
are uncommitted and may be used as 
general purpose status flags. 
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fact accommodate 384 bytes, using a simple 
trick. Direct addresses higher than 7FH 
access one memory space, and indirect 
addresses higher than 7FH0 access a 
different memory space. Thus Figure 6 shows 
the Upper 1 28 and SFR space occupying the 
same block of addresses, 80H through FFH, 
although they are physically separate entities. 

The Lower 1 28 bytes of RAM are present in 
all 80C51 devices as mapped in Figure 7. 

The lowest 32 bytes are grouped into 4 banks 
of 8 registers. Program instructions call out 
these registers as RO through R7. Two bits in 


the Program Status Word (PSW) select which 
register bank is in use. This allows more 
efficient use of code space, since register 
instructions are shorter than instructions that 
use direct addressing. 

The next 1 6 bytes above the register banks 
form a block of bit-addressable memory 
space. The 80C51 instruction set includes a 
wide selection of single-bit instructions, and 
the 1 28 bits in this area can be directly 
addressed by these Instructions. The bit 
addresses in this area are OOH through 7FH. 


All of the bytes in the Lower 128 can be 
accessed by either direct or indirect 
addressing. The Upper 128 (Figure 8) can 
only be accessed by indirect addressing. 

Figure 9 gives a brief look at the Special 
Function Register (SFR) space. SFRs include 
the Port latches, timers, peripheral controls, 
etc. These registers can only be accessed by 
direct addressing. Sixteen addresses in SFR 
space are both byte- and bit-addressable. 

The bit-addressable SFRs are those whose 
address ends in OH or 8H. 
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Program Memory 
(Read Only) 


Data Memory 
(Read/Write) 




Figure 2. 80C51 Memory Structure 



Data Memory 

The right half of Figure 2 shows the internal 
and external Data Memory spaces available 
to the 80C51 user. Figure 5 shows a 
hardware configuration for accessing up to 2k 
bytes of external RAM. The CPU in this case 
is executing from internal ROM. Port 0 serves 
as a multiplexed address/data bus to the 
RAM, and 3 lines of Port 2 are being used to 
page the RAM. The CPU generates HO and 
WR signals as needed during external RAM 


accesses. There can be up to 64k bytes of 
external Data Memory. External Data 
Memory addresses can be either 1 or 2 bytes 
wide. One-byte addresses are often used in 
conjunction with one or more other I/O lines 
to page the RAM, as shown in Figure 5. 

Two-byte addresses can also be used, in 
which case the high address byte is emitted 
at Port 2. 


Internal Data Memory is mapped in Figure 6. 
The memory space is shown divided into 
three blocks, which are generally referred to 
as the Lower 128, the Upper 128, and SFR 
space. 

Internal Data Memory addresses are always 
one byte wide, which implies an address 
space of only 256 bytes. However, the 
addressing modes for internal RAM can in 
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80C51 ARCHITECTURE 

MEMORY ORGANIZATION 

All 80C51 devices have separate address 
spaces for program and data memory, as 
shown in Figures 1 and 2. The logical 
separation of program and data memory 
allows the data memory to be accessed by 
8-bit addresses, which can be quickly stored 
and manipulated by an 8-bit CPU. 
Nevertheless, 16-bit data memory addresses 
can also be generated through the DPTR 
register. 

Program memory (ROM, EPROM) can only 
be read, not written to. There can be up to 
64k bytes of program memory. In the 80C51 , 
the lowest 4k bytes of program are on-chip. 

In the ROMIess versions, all program 
memory is external. The read strobe for 
external program memory is the PSEN 
(program store enable). 

Data Memory (RAM) occupies a separate 
address space from Program Memory. In the 
80C51 , the lowest 1 28 bytes of data memory 
are on-chip. Up to 64k bytes of external RAM 
can be addressed in the external Data 
Memory space. In the ROMIess version, the 
lowest 128 bytes are on-chip. The CPU 
generates read and write signals, RT5 and 
WR, as needed during external Data Memory 
accesses. 

External Program Memory and external Data 
Memory may be combined if desired by 
applying the RD and PSEN signals to the 
inputs of an AND gate and using the output of 


the gate as the read strobe to the external 
Program/Data memory. 

Program Memory 

Figure 3 shows a map of the lower part of the 
Program Memory. After reset, the CPU 
begins execution from location OOOOH. As 
shown in Figure 3, each interrupt is assigned 
a fixed location in Program Memory. The 
interrupt causes the CPU to jump to that 
location, where it commences execution of 
the service routine. External Interrupt 0, for 
example, is assigned to location 0003H. If 
External Interrupt 0 is going to be used, its 
service routine must begin at location 0003H. 
If the interrupt is not going to be used, its 
service location is available as general 
purpose Program Memory. 

The interrupt service locations are spaced at 
8-byte intervals; 0003H for External Interrupt 
0, OOOBH for Timer 0, 001 3H for External 
Interrupt 1 , 001 BH for Timer 1 , etc. If an 
interrupt service routine is short enough (as is 
often the case in control applications), it can 
reside entirely within that 8-byte interval. 
Longer service routines can use a jump 
instruction to skip over subsequent interrupt 
locations, if other interrupts are in use. 

The lowest 4k bytes of Program Memory can 
either be in the on-chip ROM or in an external 
ROM. This selection is made by strapping the 
EA (External Access) pin to either Vcc. or 
Vss- In the 80C51 , if the "EA pin is strapped to 
Vcc. then the program fetches to addresses 
OOOOH through OFFFH are directed to the 
internal ROM. Program fetches to addresses 


1000H through FFFFH are directed to 
external ROM. 

If the EA pin is strapped to Vss, all 
program fetches are directed to external 
ROM. The ROMIess parts (8031 . 80C31 , 
etc.) must have this pin externally strapped to 
Vss to enable them to execute from external 
Program Memory. 

The read strobe to external ROM, PSeN, is 
used for all external program fetches. PSeN 
is not activated for internal program fetches. 

The hardware configuration for external 
program execution is shown in Figure 4. Note 
that 16 I/O lines (Ports 0 and 2) are dedicated 
to bus functions during external Program 
Memory fetches. Port 0 (PO in Figure 4) 
serves as a multiplexed address/data bus. It 
emits the low byte of the Program Counter 
(PCL) as an address, and then goes into a 
float state awaiting the arrival of the code 
byte from the Program Memory. During the 
time that the low byte of the Program Counter 
is valid on Port 0, the signal ALE (Address 
Latch Enable) clocks this byte into an 
address latch. Meanwhile, Port 2 (P2 in 
Figure 4) emits the high byte of the Program 
Counter (PCH). Then PSEN strobes the 
EPROM and the code byte is read into the 
microcontroller. 

Program Memory addresses are always 16 
bits wide, even though the actual amount of 
Program Memory used may be less than 64k 
bytes. External program execution sacrifices 
two of the 8-bit ports, PO and P2, to the 
function of addressing the Program Memory. 


External 

Interrupts 



Counter 

Inputs 


Address/Data 


Figure 1. 80C51 Block Diagram 
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Table 2. 80C51 Derivative Comparisons 


DEVICE 

A/D 

PORTS 

PWM 

TIMERS 

SERIAL PORT 

80C51 

- 

4 

- 

Two standard 

UART 

80CL51 

_ 

4 

_ 

Two standard 

UART 

80C52 

- 

4 

- 

Two standard, timer 2 

UART 

83C053 

- 


9 

Two standard 

_ 


- 

4 

- 

Two standard 

|2C 


_ 

7 

- 

Two standard 

UART 


_ 

4 


Two standard, timer 2, watchdog (4 total) 

UART, |2C 

83C550 

8 channel/8-blt 

4 

- 

Two standard, watchdog 

UART 

83C552 

8 channel/1 0-bit 

6 

2 

Two standard, timer 2, watchdog (4 total) 

UART, |2C 

83C562 

8 channel/8-bit 

6 

2 

Two standard, timer 2, watchdog (4 total) 

UART 

83C575 

4 comparators 

4 

5 

Two standard, timer 2, PC A, watchdog 

UART 

87C592 

8 channel/1 0-bit 

6 

2 

Two standart, timer 2, watchdog 

UART. CAN 

83C652 

- 

4 

- 

Two standard 

UART. |2C 


- 

4 

- 

Two standard 

UART, 12C 


- 

2“e 

- 

One standard, extended to 16-bit autoload 

|2C 

83C752 

5 channel/8-bit 

2^8 

1 

One standard, extended to 16-bit autoload 

|2C 

83C851 

_ 

4 

- 

Two standard 

UART 

83C852 

- 

% 

- 

Two standard 

- 
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83C562 

The 83C562 is an 80C51 derivative that is 
identical to the 83C552 except that the I^C 
interface has been removed and the A/D 
converter is 8 bit instead of 10 bit. 

The ROMIess version of the 83C562 is the 
80C562. There is no EPROM version. For 
development and prototyping, the 87C552 
can be used. 

83C575 

The 83C575 is an 80C51 derivative that 
contains all of the best derivative features 
that are available today. It is fully code 
compatible with the 80C51 and has the 
following features: 

• 8k program memory 

• 256 bytes RAM 

• 3 16-bit timers 

• Programmable counter array 

• Watchdog timer 

• Oscillator fail detection 

• Power fail detection 

• Enhanced UART 

• Power On flag 

• Low active reset 

• Port pins asynchronously reset low 

• 4 analog comparators 

• Port 2 active pull-ups can be disabled for 
open drain operation 

• 4 8-bit I/O ports 

• 40-pin DIP, 44-pin PLCC, 44-pin QFP 

The ROMIess version of the 83C575 is the 
80C575 and the EPROM version is the 
87C575. The EPROM version is available in 
both UV erasable and OTP. 

87C592 

The 87C592 is a microcontroller that is 
functionally fully compatible with the 80C51 
and it has a Control Area Network (CAN) bus 
interface on-chip. The 87C592 has all of the 
features of the 83C552 with the exception of 
the I^C serial interface. In addition, the 
87C592 has the following: 

• CAN bus interface 

• 16k EPROM program memory 

• 512 bytes RAM 

• DMA transfer between the on-chip RAM to 
the CAN interface 

The 87C592 is available in 68-pin PLCC. 

Both UV erasable and OTP versions are 
available. 


83C652 

The 83C652 is an 80C51 with tfie following 
additions: an 8k ROM, 256 bytes RAM and 
I^C serial port. 

The 83C652 is pin-for-pin compatible with the 
80C51 except for minor DC specifications on 
the I^C serial port pins. The ROMIess version 
of the 83C652 is the 80C652 and the 
EPROM version is the 87C652. 

83C654 

This 80C51 derivative is Identical to the 
83C652 except that It has 16k of program 
ROM. It is pin-for-pin socket compatible with 
the 80C51. 

There is no ROMIess version of this part 
because it would be identical to an 80C652. 
The EPROM version is the 87C654. 

83C751 

The 83C751 is a 24-pin derivative of the 
80C51 , for applications where small size and 
cost are of prime consideration. The 83C751 
is packaged in a 24-pin “skinny-dip" (.300 
wide) and in a 28-pin PLCC package. The 
following differences exist between the 
83C751 and the 80C51. The 83C751 has: 

• 2k bytes ROM 

• 64 bytes RAM 

• I^C serial port (no UART) 

• 191/0 lines 

• Single level interrupt structure 

• One counter/timer with 1 6-bit autoload 

• No external memory expandability (data 
memory can be expanded using the I^C 
serial port and I^C compatible memory 
devices) 

Note that since there is no external 
expandability, the external memory 
addressing signals: WR, RU, PSEN, EA, and 
ALE are not present. Because of these 
differences, the instructions LJMP, LCALL, 
and MOVX execute as NOPs in the 83C751 . 

For all other instructions the 83C751 is 100% 
code compatible with the 80C51 and 
operates at full 80C51 speed. The EPROM 
version of the 83C751 is the 87C751 . There 
is no ROMIess version. 

83C752 

The 83C752 is a 28-pin derivative of the 
80C51 that is intended for use in automotive, 
electro-mechanical, and consumer 
applications. The 83C752 contains most of 
the features of the 80C51 with the following 
differences: 


• 2k bytes ROM 

• 64 bytes RAM 

• Single level interrupt structure 

• One 16-bit counter/timer with 16-bit 
autoload 

• Two 8-bit and one 5-bit bidirectional I/O 
ports 

• I^C serial interface 

• One PWM with timer, including overflow 
interrupt capability 

• Five channels of 8-blt A/D 

• 28-pin packages, both DIP and PLCC 

The 83C752 does not have external memory 
expandability. The EPROM version of the 
83C752 is the 87C752. There is no ROMIess 
version. 

83C851 

This 80C51 derivative has on-chip EEPROM. 
It is socket compatible with the 80C51 and 
has all of the features of the 80C51 . In 
addition to these standard features it has: 

• 256 bytes of EEPROM 

• EEPROM security mode 

• ROM code protection 

The ROMIess version of the part is the 
80C851 . There is no EPROM version. 

83C852 

The 83C852 is an 80C51 derivative that has 
been developed for Secure Smart Card 
applications. The microcontroller has the 
same instruction set as the 80C51. It has 
been specifically designed for conditional 
access and provides the highest level of 
software and access security. The features of 
the part are as follows: 

• 6k ROM program memory 

• 256 bytes RAM 

• 2k bytes of EEPROM 

• Security features 

• Two 16-bit timers 

• A special calculation unit that speeds up 
the execution time of public keys and 
secret keys cryptographic algorithms 

• Low frequency detect 

• Two I/O lines 

The 83C852 is a 6-pln microcontroller that is 
available in ROM version only. 
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80C51 Family 


80C51 family overview 


8052 

The 8052 is an enhanced version of the 

8051 . It is fabricated with NMOS technology, 
and is upwards compatible with the 8051 . Its 
enhancements over the 8051 Include; 

• 256 bytes of on-chip data RAM 

• Three counter/timers 

• A 6-source Interrupt structure 

• 8k bytes of on-chip program memory 

• 40-pin DIP and 44-pin PLCC packages 

The ROMIess version of the 8052 is the 
8032. 

80C52 

The 80C52 is the CMOS version of the 8052. 
Functionally it is fully compatible with the 

8052, but being CMOS it draws less current 
than its NMOS counterpart. 

The ROMIess version of the 80C52 is the 
80C32. The EPROM version is the 87C52. 

83C053 

The 83C053 is a derivative of the 80C51 that 
is intended for use as the central control 
mechanism in a television. It provides tuner 
functions and has an on-screen display 
facility. The main features of the part are: 

• 8k ROM (83C053) 

• 16k EPROM (87C054) 

• 192 bytes RAM 

• On-screen display controller 

• Three digital video outputs 

• Multiplexer/mixer and background intensity 
controls 

• 128 X 10 display RAM 

• 60 X 1 8 X 1 4 character generator ROM 

• Eight 6-bit PWM 

• One 14-bit PWM 

• Four high current open-drain port outputs 

• Twelve high voltage (+12V) open-drain 
outputs 

• Programmable video input and output 
polarities 

• 42-pin shrink DIP 

There is no ROMIess version of the part. The 
EPROM version is the 87C054. 


83CL410 

The 83CL410 is a derivative of frie 80C51 
that operates at very low supply levels and 
frequency. At lower supply levels and 
frequency, the part has dramatically reduced 
power dissipation. This part is ideally suited 
for low voltage battery operation. The part 
has all of the features of an 80C51 , except 
the full-duplex UART The additional features 
of the 83CL410are: 

• I^C serial interface 

• Warm start from power-down mode 

• 32kHz to 20MHz frequency operation (can 
be operated to DC with an external 
oscillator) 

• Power supply range; 1 .5 to 6V 

This part is socket compatible with the 
80C51 . The ROMIess version is the 
80CL410. There is no EPROM version. 

83C451 

The 83C451 Is an extended I/O version of the 
80C51 with the following features; 

• Seven 8-bit quasi-bidirectional I/O ports 
(PLCC version) 

• Six 8-bit and one 4-blt quasi-bidirectional 
I/O ports (DIP version) 

• Mailbox port (port 6) features; 

“ Operation as normal quasi-bidirectional 
I/O port 

- Four handshake control pins 

- Control status register 

- Input and output buffer registers making 
port 6 suitable for; 

direct MPU interface 
parallel printer interface 

• 64-pin DIP and 68-pin PLCC packages 

All other aspects of the 83C451 are identical 
to the 80C51 . The ROMIess version of the 
83C451 is the 80C451 , and the 87C451 is the 
EPROM version. 

83C528 

This is an extended memory version of the 
80C51 . It is socket compatible with the 
80C51 and has all of the 80C51 features 
plus; 

• 32k bytes of ROM 


• 51 2 bytes of RAM 

• A third 16-bit counter/timer (identical to the 
80C52 T2) 

• A watchdog timer with separate oscillator 

• An I^C serial port 

• Warm start from power-down mode 

The ROMIess version of the 83C528 Is the 
80C528, and the EPROM version is the 
87C528. 

83C550 

The 83C550 is a 40-pin derivative of the 
80C51 that has an 8 channel, 8-bit A/D 
converter. In addition to having ail of the 
features of an 80C51 , the part has; 

• 8 channel, 8-bit A/D 

• Watchdog timer 

Although the 83C550 is available in a 40-pin 
package, it is not socket compatible with the 
80C51, because of Its analog features. 

The ROMIess version of the 83C550 is the 
80C550 and the EPROM version is the 
87C550. 

83C552 

The 83C552 is an extended function 80C51 
with the following features; 

• 8k bytes of ROM 

• 256 bytes FIAM 

• 1 0-bit 8 channel A/D 

• Counter/timer array with high speed 
outputs and capture inputs 

• Four counter/timers (including a watchdog 
timer) 

• Two PWM outputs 

• 8051 full duplex UART 

• Six 8-bit I/O ports 

• I^C serial port 

• 68-pin PLCC package 

The 83C552 is 1 00% code compatible with 
the 80C51. The ROMIess version of the 
83C552 is the 80C552 and the EPROM 
version is the 87C552. 
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80C51 FAMILY OVERVIEW 

The Philips 80C51 family of products is 
based on the industry standard for 8-bit high 
performance microcontrollers. The 
architecture for the family has been optimized 
for sequential real time control applications. 
The 80C51 family of products are used in a 
wide range of applications from those that are 
relatively simple to applications in medical 
instrumentation and automobile control 
systems. All of the devices included in the 
family are available in versions that have 
either internal ROM, EPROM, or CPU only. 
With the exception of the 83C751 and 752 
(which are limited to on-board memory) all of 
the devices in the family can address up to 
64k bytes of both program and data memory. 

The 80C51 family of microcontrollers includes 
the devices listed in Table 1 . The basic 
architecture of these devices is shown in 
Figure 1. 


8051 

The 8051 is the original member of the family. 
Among the features of the 8051 are; 

• 8-bit CPU optimized for control applications 

• Extensive Boolean processing (single-bit 
logic) capabilities 

• 32 bidirectional and individually 
addressable I/O lines 

• 1 28 bytes of on-chip data RAM 

• Two 16-bit timer/counters 

• Full duplex UART 

• 5-source interrupt sfructure with 2 priority 
levels 

• On-chip clock oscillator 

• 4k bytes of on-chip program memory 

• 64k bytes program memory address space 

• 64k bytes data memory address space 

• 40-pin DIP and 44-pin PLCC packages 

The 8031 is a CPU only version of the 8051 
and differs from the 8051 in that it does not 


have on-chip ROM. The 8031 fetches all 
instructions from external memory. 

80C51 

The 80C51 is the CMOS version of the 8051 . 
Functionally it is fully compatible with the 
8051 , but being CMOS it draws less current 
than its NMOS counterpart. 

The ROMIess version of the 80C51 is the 
80C31. The EPROM version is the 87C51 . 

80CL51 

The 80CL51 is a low power version of the 
80C51. Functionally it is fully compatible with 
the 80C51 and 8051 . The part can be 
operated at voltages from 1 .8V to 6V and at 
oscillator frequencies from DC to 12MHz. The 
main benefit of this part is its ability to 
significantly reduce the current consumption 
in an application when it is operated at 
voltages and frequencies that are lower than 
those which the 80C51 will operate. 


Table 1. 80C51 Family of Microcontrollers 


DEVICE 

ROMIess 

EPROM 

ROM 

RAM 

16-BIT 

CIRCUIT 

NAME 

VERSION 

VERSION 

BYTES 

BYTES 

TIMERS 

TYPE 

8051 

8031 

- 

4k 

128 

2 

NMOS 

80C51 

80C31 

87C51 

4k 

128 

2 

HMOS 

87C51FB 

_ 

87C51 FB 

16k 

256 

4 

CMOS 

80CL51 

- 

- 

4k 

128 

2 

SACMOS 

8052 

8032 

- 

8k 

256 

3 

NMOS 

80C52 

80C32 

87C52 

8k 

256 

3 

CMOS 

83C053 

- 

87C054 

8k 

192 

2 

CMOS 

83CL410 

80CL410 

- 

4k 

128 

2 

CMOS 

83C451 

80C451 

87C451 

4k 

128 

2 

CMOS 

83C528 

80C528 

87C528 

32k 

512 

3 + WD 

CMOS 

83C550 

80C550 

87C550 

4k 

128 

2 + WD 

CMOS 

83C552 

80C552 

87C552 

8k 

256 

3 + WD 

CMOS 

83C562 

80C526 

- 

8k 

256 

3 + WD 

CMOS 

87C575 

80C575 

87C575 

8k 

256 

3 + PCA + WD 

CMOS 

83CL580 

80CL580 

- 




CMOS 

87C592 

- 

87C592 

16k 

512 

3 + WD 

CMOS 

87C598 

- 

87C598 

32k 

512 

3+WD 

CMOS 

83C652 

80C652 

87C652 

8k 

256 

2 

CMOS 

83C654 

- 

87C654 

16k 

256 

2 

CMOS 

87C750 

- 

87C750 

Ik 

64 

1 

CMOS 

83C751 

- 

87C751 

2k 

64 

1 

CMOS 

83C752 

- 

87C752 

2k 

64 

1 

CMOS 

83C851 

80C851 

- 

4k 

128 

2 

CMOS 

83C852 

- 

- 

6k 

256 

2 

CMOS 
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Philips Semiconductors 80C51 -Based 8-Bit Microcontrollers 


CMOS 16-bit microcontroller family 


16-BIT CONTROLLERS 


TYPE 

(EP)ROM 

RAM 

SPEED 

(MHz) 

FUNCTIONS 

REMARKS 

DEVELOPMENT TOOLS 

68070 



17.5 

2 DMA channels, MMU. UART, 16-bit 
timer, I^C, 68000 bus interface, 

1 6Mb address range 


OM4160 Microcore 

OM4161 (SBE68070) 
TRACE32-ICE68070 (Lauterbach) 
OM4222 90C Development 
system (planned) 

93C101 

34k 

512 

15 

Derivative with low power modes 

Low power 
micro- 
controller 


90C100 

_ 

512 

15 

UART, |2C, 3 16-bit timers, 


OM4 160/3 Microcore 3 

93C100 

34k 

512 

15 

80C51 interface, 68000 interface. 


OM420 1 WP (SBE90C 1 1 0) 

97C100 

(EPROM) 

512 

15 

40 I/O lines, 2Mb address range 


OM4220 90C Development system 
TRACE32-ICE93C110 
(Lauterbach) 


16-BIT MICROCONTROLLER FAMILY^ 


PART 

NO. 

ROM 

RAM 

EEPROM 

le-BiT 

I/O 

PORTS 

SERIAL 

I/O 

DMA 

CHANNELS 

COUNTER/ 

TIMER 

EXTERNAL 

INTERRUPTS 

SPEED 

MHz 

PACKAGES 

SPECIAL 

FEATURES 

68070 





UART, 

|2C 

2 

12 

6 

10, 12, 
15, 
17.5 

PLCC84 

QFP120 

Memory 

management unit 
68000 bus interface 

90C100 

- 

512 

- 

2+ M2 

UART. 

|2C 

- 

12 

8 

15 

PLCC84 

QFP80 

80C51 bus interface 
68000 bus interface 

93C100 

34k 

512 


2+ M2 

UART, 

|2C 

- 

12 

8 

15 

PLCC84 

QFP80 

80C51 bus interface 
68000 bus interface 

97C100 

32k 

EPROM 

512 


2+ M2 

UART. 

|2C 


12 

8 

15 

PLCC84 

CLCC84 

QFP80 

80C51 bus interface 
68000 bus interface 


NOTES: 

1. 68000 software compatible. 

2. 16-bit timer with two match/count/capture registers. 
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CMOS and NMOS 8-bit microcontroller family 


3300 FAMILY CMOS 


TYPE 

ROM 

RAM 

SPEED 

(MHz) 

PACKAGE 

FUNCTIONS 

REMARKS 

PROBE 

SDS 

REMARKS 

3315A 

1.5k 

160 

10 

DIL28/S028 

20 I/O lines 

8-bit timer 

Vdd>1-8V 


OM1083 

OM1025(LCDS) 

3343 

3k 

224 

10 

DIL28/S028 

20 I/O lines 

8-bit timer 

Vdd>1-8V 

Byte I^C 


OM1083 

OM1025(LCDS) 

3344A 

2k 

224 

3.58 

DIL28/S028 

20 I/O lines 

8-bit timer 

DTMF generator 


OM1071 

OM1025(LCDS) 

-I-OM1028 

3346A 

4k 

128 

10 

DIL28/S028 

20 I/O lines 

8-bit timer 

Byte |2C 

256 bytes EEPROM 
Vq0 < 1 .8V 


OM1076 


3347 

1.5k 

64 

3.58 

DIL20/S020 

1 2 I/O lines 

8-bit timer 

DTMF generator 


OM1071 -I- 
Adapter_2 

OM1025(LCDS) 

+ OM1028 

3348A 

8k 

256 

10 

DIL28/S028 

20 I/O lines 

8-bit timer 

Byte |2C 

Vdd<1-8V 


OM1083 

OM1025(LCDS) 

3349A 

4k 

224 

3.58 

DIL28/S028 

20 I/O lines 

8-bit timer 

DTMF generator 


OM1071 

OM1025(LCDS) 

-FOM1028 

3350A 

8k 

128 

3.58 

VS064 

30 I/O lines 

8-bit timer 

DTMF generator 

256 bytes EEPROM 




3351 A 

2k 

64 

3.58 

DIL28/S028 

20 I/O lines 

8-bit timer 

DTMF generator 

128 bytes EEPROM 


OM5000 


3352A 

6k 

128 

3.58 

DIL28/S028 

20 I/O lines 

8-blt timer 

DTMF generator 

128 byte EEPROM 


OM5000 


3353A 

6k 

128 

16 

DIL28/S028 

20 I/O lines 

8-bit timer 

DTMF generator 
Ringer out 

128 bytes EEPROM 

March *92 

OM5000 


3354A 

8k 

256 

16 

QFP64 

36 I/O lines 

8-bit timer 

DTMF generator 
Ringer out 

256 bytes EEPROM 

June ’92 

OM4829 -F 
OM5003 

OM4829: Probe 
base 

3301 B 






Piggyback tor 3315, 
3343. 3348 

OM1083 


3344 B 






Piggyback for 3344, 
3347, 3349 

OM1071 


3346B 






Piggyback for 3346 

OM1076 
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Philips Semiconductors 80C51 -Based 8-Bit Microcontrollers 


CMOS and NMOS 8-bit microcontroller family 


8400 FAMILY CMOS (Continued) 


jYPE 

ROM 

RAM 

SPEED 

PACKAGE 

FUNCTIONS 

REMARKS 

PROBE 

REMARKS 




(MHz) 




SDS 


84C646 

6k 

192 

10 

DIP42 shrunk 

30 I/O lines 

|2C, RC 

OM4829 + 

OM4833 for 

84C846 

8k 

192 

10 


DOS clock = 

PLL 

8 bit timer 

1-14 bit PWM 

4-6 bit PWM 

4-7 bit PWM 

3-4 bit ADC 

12C, RC 

OM4832 

LCD584 






DOS; 64 disp. 
RAM 









62 char, fonts 
Char, blinking 
Shadow modes 

8 foreground 
colors/char. 

8 background 
colors/word 
DOS; clock; 









8 . . 20MHz 




84C85 

8k 

256 

10 

DIL40A/S040 

32 I/O lines 

8-bit timer 

Byte |2C 


CM 1070 


84C85B 

0 

256 

10 



Piggyback for C85 



84C853 

8k 

256 

16 

DIL40/VS040 

33 I/O lines 

8-bit timer 

16-bit up/down 
counter 

16-bit timer with 
compare and 
capture 


OM1081 


84C853B 

0 

256 

16 



Piggyback for C853 



84C270 

2k 

128 

10 

D1L40/VS040 

8 I/O lines 


OM1077 


84C470 

4k 

128 

10 

DIL40/VS040 

16*8 capture 
keyboard matrix 
8-bit timer 




84C270B 

0 

128 

10 



Piggyback for C270 



84C470B 

0 

128 

10 


470 also 
handles mech. 
keys 

Piggyback for C470 




84C271 

2k 

128 

10 

DIL40 

8 I/O lines 

16*8 mech. 
keyboard matrix 
8-bit timer 


OM1078 



8400 FAMILY NMOS 


TYPE 

ROM 

RAM 

SPEED 

PACKAGE 

FUNCTIONS 

REMARKS 

EMULATOR 

REMARKS 




(MHz) 




TOOLS 


8411 

Ik 

64 

6 

DIL28/S028 

20 I/O lines 


OM1084 

OM1025 

8421 

2k 

64 

6 

DiL28/S028 

8-bit timer 



(LCDS) + 

8441 

4k 

128 

6 

DIL28/S028 

Byte |2C 




8461 

6k 

128 

6 

DIL28/S028 



OM1026 


8422 

2k 

64 

6 

DIL20 

13 I/O lines 


PM8327/20 + 

On PMDS 

8442 

4k 

128 

6 

DIL20 

8-bit timer 

Bit |2C 


PM8447 


8401 B 

0 

128 

6 

28-pin 


Piggyback for 84X1 



8401 WP 

0 

128 

6 

PLCC68 


Bond out 
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CMOS and NMOS 8-bit microcontroller family 


8400 FAMILY CMOS 


TYPE 

ROM 

RAM 

Bsm 















84C21A 

2k 

64 

■91 

DIL28/S028 

20 I/O lines 




84C41A 

4k 

128 


DIL28/S028 

8-bit timer 




84C81A 

8k 

256 

MM 

DIL28/S028 

Byte |2C 



84C22A 

2k 

64 

■91 

DIL20/S020 

1 3 I/O lines 


OM1083-F 

OM1025 

84C42A 

4k 

64 

■ei 

DIL20/S020 

8-bit timer 


Adapter 1 

(LSDS) 

84C12A 

Ik 

64 

m 

D1L20/S020 

D1L20/S020 





84C00B 

0 

256 

■ 

28 pins 

20 I/O lines 

8-bit timer 

Byte |2C 

Piggyback 

OM1080 


84C00T 

0 

256 

■B 

VSO-56 


ROMIess 

OM1080 


84C121 

Ik 

64 

10 

DIL20/S020 

13 I/O lines 

2 8-bit timers 

8 bytes 


OM1073 

OM1025(LEDS) 

84C121B 

0 

64 

10 


EEPROM 

Piggyback 


OM1027 

84C122A 

1k 

32 

10 

A: SO20 

Controller for 

422/822 

OM4830 


84C122B 




B; S024 

remote control 

in dev. 



84C422A 

4K 

32 


C: S028 

A; 12 I/O 




84C422B 





B: 16 I/O 




84C822A 

84C822B 

84C822C 

8K 

32 



C; 20 I/O 




84C230 

2I 

64 

10 

DIL40/VS040 

1 2 I/O lines 

8-bit timer 

16*4 LCD drive 


OM1072 


84C430 

4k 

i 

128 

10 

QFP64 

24 I/O lines 

8-bit timer 

Byte I^C 

24*4 LCD drive 


OM1072 


84C430BH 

0 

128 

10 



Piggyback for C230 
and C430 



84C633 

6k 

256 

16 

VS056 

28 I/O lines 

8-bit timer 

1 6-bit up/down 
counter 

16-bit timer 
with compare 
and capture 


OM1086 


84C633B 

0 

256 

16 


16*4 LCD drive 




84C440 

4k 

128 

10 

D1P42 shrunk 

RC: 29 I/O lines 

|2c RO 

OM1074 

For emulation of 

84C441 

4k 

128 

10 


LC; 28 I/O lines 

|2C. LC 


LC versions, 

84C443 

4k 

128 

10 


8-bit timer 

RC 


use OM1074 + 

84C444 

4k 

128 

10 


1 14-bit PWM 

LC 


adapter_3 -f 

84C640 

6k 

128 

10 


5 6-bit PWM 

|2C. RC 


2 adapter_5 

84C641 

6k 

128 

10 


3-bit ADC 

|2C, LC 


84C643 

6k 

128 

10 


OSD 2L-16 

RC 



84C644 

6k 

128 

10 



LC 



84C840 

8k 

192 

10 



|2C. RC 



84C841 

8k 

192 

10 



|2C, LC 



84C843 

8k 

192 

10 



RC 


Baud for LCDS 

84C844 

8k 

192 

10 



LC 


OM4831 
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Philips Semiconductors 80C51 -Based 8-Bit Microcontrollers 


CMOS and NMOS 8-bit microcontroller family 


8051 FAMILY NMOS 


TYPE 

ROM 

RAM 

SPEED 

(MHz) 

PACKAGE 

FUNCTIONS 

REMARKS 

PROBE 

SDS 

THIRD PARTY 
EMULATOR 

REMARKS 

8051 

4k 

128 

15 

DIL40/PLCC44 

UART, 2 timers 


OM1091 + 

8052PC(M) 


8031 

0 

128 

15 

DIL40/PLCC44 



OM1097 

OPD-C51B(N) 


8052 

8k 

256 

15 

DIL40/PLCC44 

UART, 3 timers 


OM4111 + 

8052PC(M) 


8032 

0 

256 

15 

DIL40/PLCC44 

UART, 3 timers 


OM4110 

OPD-C51B(N) 



8048 FAMILY NMOS 

TYPE 

ROM 

RAM 

SPEED 

(MHz) 

PACKAGE 

8048 

Ik 

64 

11 

DIL40/PLCC44 

8035 

0 

64 

11 

DIL40/PLCC44 

8049 

2k 

128 

11 

DIL40/PLCC44 

8039 

0 

128 

11 

DIL40/PLCC44 

8050 

4k 

256 

11 

DIL40/PLCC44 

8040 

0 

256 

11 

DIL40/PLCC44 


8048 FAMILY CMOS 


TYPE 

ROM 

RAM 

SPEED 

(MHz) 

PACKAGE 

80C49 

2k 

128 

15 

DIL40/PLCC44 

80C39 

0 

128 

15 

DIL40/PLCC44 
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Philips Semiconductors 80C51 -Based 8-Bit Microcontrollers 


CMOS and NMOS 8-bit microcontroller family 


80CLXXX FAMILY CMOS 


TYPE 

ROM 

RAM 

SPEED 

PACKAGE 

FUNCTIONS 

REMARKS 

PROBE 

REMARKS 




(MHz) 




SDS 


85CLOOO 

0 

256 

12 

Piggyback 

Piggyback 
CL410. CL411. 
CL51.P80C51 




85CL580 

0 

256 

12 

Piggyback 

Piggyback 

04/92 








CL580 




85CL781 

0 

256 

12 

Piggyback 

Piggyback 
CL781, CL782, 

04/92 








CL52 




80CL51 

4K 

128 

12 

DIL40 

2 timers, UART 


OM1079 


80CL31 

0 

128 

12 

VSO40 





80CL52 

8K 

256 

12 

DIL40/ 

3 timers, UART 

01,93 

OM1079 + 

OM1 079: Probe 

80CL32 

0 

256 

12 

QFP44 



OM5004 + 

base 








tbd 

OM5004; Probe 
adap 

83CL410 

4k 

128 

12 

DIL40 

2 timers 


OM1079 


80CL410 

0 

128 

12 

VSO40 

Byte I^C 




83CL411 

4k 

256 

12 

DIL40/ 

2 timers 

01, 93 

OM1079 






QFP44 

UART 




83CL580 

6k 

256 

16 

QFP64/ 

3timers, UART 

04/92 

OM1079 + 

OM1079: Probe 





VS056 

Watchdog timer 


OM5004 

base 






Byte |2C, 



OM5004; Probe 






1 PWM 

4*8 bit ADC 



adap 

83CL781 

16k 

256 

12(2) 

DIL40 

3timers, UART 

04/92 

OM1079 + 

OM1 079; Probe 

83CL782 

16k 

256 

4.5V 

QFP44 

Byte |2C 


OM5004 + 

base 




12(§) 




tbd 

OM5004; Probe 




3V 





adap 

83CL167 

16K 

256 

12 

SDIL64 

3timers 

In Dev 

OM4840 


83CL267 

12K 

256 

12 

QFP64 

1-14 bit PWM 

4-6 bit PWM 

4-7 bit PWM 

4*4 bit ADC 

Byte |2C 

160 char OSD 

1 26 char fonts 

4 char sizes 
Shadow modes 
ODS PLL osc. 

10MHz 

Blinking 


OM1079 


83CL168 

16K 

256 

12 

SD1L64 

3timers 

In Dev 

OM4840 + 


83CL268 

12K 

256 

12 

QFP64 

1-14 bit PWM 

4-6 bit PWM 

4-7 bit PWM 

4*4 bit ADC 

RC 

preprocessor 
Byte |2C 

3 wire serial I/O 
160 char OSD 

1 26 char fonts 

4 char sizes 
Shadow modes 
ODS PLL osc. 


OM1079 







lOMHz 









Blinking 
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Philips Semiconductors 80C51 -Based 8-Bit Microcontrollers 


CMOS and NMOS 8-bit microcontroller family 


80C51 FAMILY CMOS (Continued) 


TYPE 

ROM/ 

RAM 

SPEED 

PACKAGE 

FUNCTIONS 

REMARKS 

PROBE 

THIRD PARTY 

REMARKS 


EPROM 


(MHz) 




SDS 

EMULATOR 


80C592 

0 

512 

16 

LCC68/QFP80 

8XC552 -F CAN 


OM4110 + 

POD-592(N) 

OM4110: 

83C592 

16k ROM 

512 

16 


interface 


OM4112 

gen. probe 

87C592 

16k EPROM 

512 

16 






OM4112; 










probe head 
OM4120S: 










full speed 

87CE598 

32K ROM 

512 

16 

QFP80 

8xC552 + CAN 

80/83CE; 

OM4110-F 


OM4110: 

87CE598 

32K EPROM 

512 

16 


interface 

samp: 01-93 

OM4114 


probe base 

80CE598 

0 

512 

16 


No |2C 

prod: 03-93 



OM4115: 







87CE: 



OFP 







prod: 01-93 



adapter 

80C652 

0 

256 

16,24 

DIL40/LCC44 

UART 2 timers 


OM1092 + 

83652PC(M) 


83C652 

8k ROM 

256 

16, 24 

QFP44 

Byte |2C 


OM1096 

POD-C51B(N) 


87C652 

8k EPROM 

256 

16, 20 






83C654 

16k ROM 

256 

16,24 

DIL40/LCC44 

UART, 2 timers 


OM1092 + 

83654(M) 

OM1092: 

87C654 

16k EPROM 

256 

16,20 

QFP44 

Byte |2C 


OM1096 

Universal 

probe 

OM1095: 


POD-C51 B(N) 










Upgrade 

unit 

83CE654 

16k ROM 

256 

16 

QFP44 

UART, 2 timers 

83C654 with 

OM1092-F 

83654(M) 

OM1092; 






Byte |2C 

Electromagneli 

OM1096 

Universal 







c Compatibility 



probe 







improvements 


POD-C51 B(N) 

OM1095: 










Upgrade 

unit 

83C751 

2k ROM 

64 

16 

DIP24 skinny 

1 timer 


OM1094P 

83751 PC(M) 






LCC28 

Bit |2C 



POD-C751(N) 


87C751 

2k EPROM 

64 

16 

DIP24 skinny 





83C752 

2k ROM 

64 

16 

DIP28, LCC28 

1 timer, 

PWM output. 


OM5072 

83752A(M) 







5 8-bit ADC 
inputs. 



POD-C752(N) 


83C752 

2k EPROM 

64 

16 

DIP 28. LCC28 

Bit |2C 





80C851 

0 

128 

16 

DIL40/LCC44 

UART. 2 timers 


OM1092 

80851 PC(M) 


83C851 

4k ROM 

128 

16 

QFP44 

256 byte 



POD-C51(N) 


83C852 

6k ROM 

256 

6 


2k byte 

EEPROM 
smart card 
hardware CU 


OM4119 



83C053 

8k ROM 

192 

12 

DIP42 Shrunk 

2 timers, 

14-bit PWM, 


OM5054 

80C053PC(M) 







8-6 bit PWM 

1 28 char. OSD 

3 4-bit A/D inp. 



POD-054(N) 


83C054 

16k ROM 


12 

DIP42 Shrunk 



OM5054 

POD-054(N) 


87C054 

16k EPROM 


12 






83C055 

16k ROM 

256 

12 

DIP42 Shrunk 

As 8XC053 

In dev. 

OM5054 



87C055 

16k EPROM 

256 

12 

DIP42 Shrunk 







The following microcontollers have no external memory access: 8XC751, 8XC752, 8XC053, 87C054, 83C852. 
M = Metlink 
N = Nohau 
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Philips Semiconductors 80C51 -Based S-Bit Microcontrollers 


CMOS and NMOS 8-bit microcontroller family 


80C51 FAMILY CMOS 


TYPE 

ROM/ 

RAM 

SPEE 

PACKAGE 

FUNCTIONS 

REMARKS 

PROBE 

THIRD PARTY 

REMARKS 


EPROM 


D 




SDS 

EMULATOR 





(MHz) 







80C31 

0 

128 

33 


UART, 2 timers 


OM1092 

8052PC(M) 

OM1092: 

80C51 

4k ROM 

128 

33 

DIL40, LCC44 



+ OM1097 

Universal 

87C51 

4k EPROM 

128 

33 

QFP44 



{16MHz) 

POD-C51B(N) 

probe 

OM1095: 










Upgrade 

unit 

80C32 

0 

256 

20 


UART, 3 timers 


OM4111 + 

8052PC(M) 


80C52 

8k ROM 

256 

20 




OM4110 

POD-C32(N) 


87C52 

8k EPROM 

256 

20 

DIL40, LCC44 
QFP44 






80C451 

0 

128 

16 


UART, 2 timers 


OM4123 

83C451PC(M) 

OM4124: 

83C451 

4k ROM 

128 

16 

DIP64/LCC68 

Extended I/O 



POD-C451 B(N) 

PLCC to 

87C451 

4k EPROM 

128 

16 






DIL 

OM4125; 

DIL to 

PLCC 

87C524 

16K 

512 

20 

D1L40/LCC44 

UART, 3 timers 


OM4111 + 

83528PC(M) 

OM4110: 


EPROM 




Watchdog timer 


OM4110 

POD-C528(N) 

gen. probe 






Bit |2C 




OM4111; 
probe head 

83C528 

32k ROM 

512 

16 

DIL40/LCC44 

UART, 3 timers 


OM4111 + 

83C528PC(M) 

OM4110: 

87C528 

32k EPROM 

512 

16, 20 

(QFP44) 

Watchdog 


OM4110 


gen. probe 






timer 



POD-C528(N) 

OM4111; 






Bit l^C 




probe head 

83CE528 

32kROM 

512 

16 

CE ONLYQFP 





OM4120-S 
for max. 
speed 

83C550 

4k ROM 

128 

16 

LCC44 

UART, 2 timers 


OM5055 + 

83550(M) 

OM4110; 

87C550 

4k EPROM 

128 

16 

DIL40 

8 8-bit ADC 


OM4110 

POD-C550(N) 

probe base 






inputs, 

watchdog timer 





80C552 

0 

256 

16, 24 

LCC68/QFP80 

UART, 2 timers 


OM1092 -F 

83C552PC(M) 

OM1092; 

83C552 

8k ROM 

256 

16, 24 


Timer with 


OM1095 

POD-C552B(N) 

Universal 

87C552 

8k EPROM 

256 

16 


compare and 



probe 






capture, 2 




OM1095; 






PWM outputs. 




Upgrade 






8 10-bit ADC 




unit 






inputs, Byte 

I^C 





83CE558 

32K ROM 

IK 

16 

QFP80 

As 8xC552 with 

89C: Q4-92 

OM4110 + 


OM4110; 

87CE558 

32K FLASH 

IK 

16 


PLL-oscillator 

83C: Q2/3-93 

OM4271 


probe base 

80CE558 

0 




Auto scan ADC 


(in dev) 


OM4115; 

QFP80 

adapter 

80C562 

0 

256 


LCC68/QFP80 

UART, 2 timers 


OM1092 + 

83C552PC(M) 

OM1092; 

83C562 

8k ROM 

256 



Timer with 


OM1095 

Universal 






compare and 




probe 






capture, 



POD-C552B(N) 

OM1095: 






2 PWM 




Upgrade 






outputs, 8 8-bit 
ADC inputs 




unit 

80C575 

0 

256 


D1L40, LCC44 

3 timers 1 





83C575 

8k 

256 


QFP44 

Enhanced 





87C575 

8k EPROM 

256 



UART, PCA, 

4 analog 
comparators 






M = Metlink 
N = Nohau 
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We also have a ROM code bulletin board through which you can submit ROM codes. This is a closed bulletin board for security reasons. To get 
an ID, contact your local sales office. The system can be accessed with a 2400, 1200, or 300 baud modem, and is available 24 hours a day. 

The telephone number is: 

(408) 991-3459 
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Philips Semiconductors 80C51 -Based 8-Bit Microcontrollers 


80C51 microcontroller development system support 


DEVELOPMENT SYSTEM CONTACTS 


COMPANY 

ADDRESS 

TELEPHONE 

Ashling Microsystems Limited 

Plassey Technological Park 

Limerick, Ireland 

(353) 63-334466 

BSO Tasking 

128 Technology Center 

P.O.Box 9164 

Waltham, MA 02254-9164 

(617) 894-7800 

Ceibo Ltd. 

105 Gleason Rd. 

Lexington, MA 02173 

(617) 863-9927 


Merkazim Building, Industrial Zone 

P.O. Box 2106 

Herzelia 46120, ISRAEL 

972-52-555387 

Nohau Corp. 

51 E. Campbell Ave. 

Campbell, CA 95008 

(408) 866-1820 

MetaLink Corp. 

325 E. Elliot Road, Suite 23 

Chandler, AZ 85225 

(602) 926-0797 

Philips Semiconductors 

Corporate Centre 

Building BAE-2 

P.O. Box 218 

5600 MD Eindhoven 

The Netherlands 

31-40-724223 

SIGNUM Systems 

171 E. Thousand Oaks Blvd., 

#202 

Thousand Oaks, CA 91360 

(805) 371-4608 


EPROM PROGRAMMING SUPPORT CONTACTS 


Advin Systems 

1050-L East Duane Ave. 

Sunnyvale, CA 94086 
(408) 736-2503 

Logical Devices, Inc. 

1201 Northwest 65th Place 

Ft. Lauderdale, FL 33309 
(305) 974-0967 

North Valley Products 

P.O. Box 32899 

San Jose, CA 95152 
(408) 929-5345 

BP Microsystems 

10681 Haddington #190 

Houston. TX 77043 

(800) 225-2102, (713) 461-9430 

Logical Systems 

P. O. Box 6184 

Syracuse. NY 13217-6184 
(315) 478-0722 

Strebor Data Communications 

1008 N. Nob Hill 

American Fork, UT 84003 
(801 ) 756-3605 

Data I/O Corp. 

10525 Willows Road N.E. 

P.O. Box 97046 

Redmond. WA 98073-9746 
(206) 881-6444 

Needham’s Electronics 

4535 Orange Grove Ave. 

Sacramento, CA 95841 
(916)924-8037 



SOFTWARE SUPPORT CONTACTS 


COMPANY 

ADDRESS 

TELEPHONE 

Franklin Software, Inc. 

888 Saratoga Ave. #2 

San Jose, CA 95129 

(408) 296-8051 

Archimedes Software, Inc. 

2159 Union St. 

San Francisco, CA 94123 

(415)567-4010 

BSO/Tasking 

Tasking Software BV 

P.O. Box 899 

3800 AW Amersfoort 

The Netherlands 

31-33-55-85-84 (Telephone) 
31-33-55-00-33 (Fax) 


BSO Tasking 

1 28 Technology Center 

P.O. Box 9164 

Waltham, MA 02254-9164 

(61 7) 894-7800 (Telephone) 

(617)894-0551 (Fax) 

(710) 324-0760 (Telex) 

(800) 458-8276 (Toll Free) 


NOTE: 

For more information on Development Support, see Section 7 of this book. 
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Philips Semiconductors 80C51-Based 8-Bit Microcontrollers 


8051 microcontroller cross-reference guide 



INTEL 

AMD 

SIEMENS 

OKI 

MATR A/HARRIS 

PHILIPS SEMICONDUCTORS 

NMOS 

8039AL 





MAB8039H/SCN8039H 


8049AH 





MAB8049H/SCN8049H 


8040AHL 





MAB8040H/SCN8040H 


8050AH 





MAB8050H/SCN8050H 


8031 AH 

8031 AH 

SAB 8031A 



MAB8031AH/SCN8031H 


8051AH 

8051 AH 

SAB 8051 A 



MAB8051AH/SCN8051H 


8032AH 


SAB 8032A 



MAB8032AH/SCN8032H 


8052AH 


SAB 8052A 



MAB8052AH/SCN8052H 

CMOS 

80C31BH 

80C31 BH 

SAB 80C31 

MSM80C31 

80C31 

PCB80C31 BH-2/SC80C31 BCC 


80C31 BH-1 




80C31-1 

PCB80C31BH-3/SC80C31BCG 


80C31 BH-2 



MSM80C31 

80C31 

/SC80C31 BCB 


80C51BH 

805 1BH 

SAB 80C51 

MSM80C51 

80C51 

PCB80C51 BH-2/SC80C5 1 BCC 


80C51BH-1 




80C5M 

PCB80C51 BH-3/SC80C51 BCG 


80C51BH-2 



MSM80C51 

80C51 

/SC80C51BCB 


87C51 

87C51 




SC87C51CC 


87C51-1 





SC87C51CG 


87C51-2 





SC87C51CB 


80C32 





P80C32EB 


80C32-1 





P80C32GB 


80C52 

80C52T2 




P80C52EB 


80C52-1 





1 P80C52GB 


NOTES: 

1 . Siemens 8032A-1 6 = 16MHz 8032. 

2. AMD 80C52T2 = 80C52 without T2. 

3. 80XXAHL = 80XX with low power standby pin; H = HMOS. 
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Philips Semiconductors Microcontroller Products 


Product specification 


Single-chip 8-bit microcontroller 


8031 AH/8051 AH 


ABSOLUTE MAXIMUM RATINGS^' ^ 


PARAMETER 

RATING 

UNIT 

Storage temperature range 

-65 to +1 50 

°C 

Voltage on any other pin to Vss 

-0.5 to -^7.0 

V 

Input, output current on any single pin 

10 

mA 

Power dissipation 

1.0 

W 


DC ELECTRICAL CHARACTERISTICS 

Tamb = 0°C to -I-70°C. Vcc = 5V ±10%. Vss = 0V^ 




TEST 

LIMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

MAX 

UNIT 

V,L 

Input low voltage 


-0.5 

0.8 

V 

V|H 

Input high voltage; except XTAL2, RST 


2.0 

Vcc+0.5 

V 

VlH1 

Input high voltage to RST for reset, XTAL2 

XTAL1 to Vss 

2.5 

Vcc+0.5 

V 

VoL 

Output low voltage; ports 1,2,3® 

Iql = 1 .6mA 


0.45 

V 

VoLl 

Output low voltage; port 0, ALE, PSEN® 

loL = 3.2mA 


0.45 

V 

VOH 

Output high voltage; ports 1 , 2, 3 

Iqh = — 80uA 

2.4 


V 

VoHl 

Output high voltage; port 0, ALE, PSEN^ 

Iqh = — 400uA 

2.4 


V 

111 

Logical 0 input current; ports 1 , 2, 3 

V|N = 0.45V 


-500 

pA 

l|H1 

Input high current to RST for reset 

ViN < Vcc — 1-5V 


500 

pA 

Ili 

Input leakage current; port 0, EA 

0.45 < V,N < Vcc 


±10 

pA 

l|L2 

Logical 0 input current for XTAL2 

XTAL1 = Vss, V|N = 0.45V 


-3.2 

mA 

Icc 

Power supply current 

All outputs disconnected 
and EA = Vcc 




C|0 

Pin capacitance 



10 

pF j 

1 Tamb = to +85“C, Vcc = 5V ±1 0%, Vss = OV | 



TEST 

LIMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

MAX 

UNIT 

V|H 

Input high voltage; except XTAL2, RST 


2.1 

Vcc+0.5 

V 

V|H1 

Input high voltage to RST and XTAL2 

XTAL1 = Vss 

2.6 

Vcc+0.5 

V 

i|L2 

Logical 0 input current for XTAL2 

XTAL1 = Vss, V|N = 0.45V 


-4.0 

mA 

•cc 

Power supply current 

All outputs disconnected 
and EA = Vcc 



mA 


NOTES: 


1 . Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. For operating at elevated temperatures, the device must be cterated based on +1 50°C maximum junction temperature. 

3. This product includes drcuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

4. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 

5. All voltage measurements are referenced to ground. For testing, all input signals swing between 0.45V and 2.4V with a transition time of 
20ns maximum. All time measurements are referenced at input voltages of 0.8V and 2.0V and at output voltages of 0.8V and 2.0V as 
appropriate. 

6. VoL is derated when the device rapidly discharges external capacitance. This AC noise is most pronounced during emission of address data. 
When using external memory, locate the latch or buffer as close as possible to the device. 

Emitting Degraded 

Datum Ports I/O Lines Vql (Peak Max) 

Address P2, PO PI, P3 0.8V 

Write Data PO P1.p3, ALE 0.8V 

7. Cl = 1 0OpF for port 0, ALE and PSEN outputs: Cl = 80pF for ail other ports. 
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Philips Semiconductors Microcontroller Products 


Product specification 


Single-chip 8-bit microcontroller 


8031 AH/8051 AH 


AC ELECTRICAL CHARACTERISTICS 

Tamb = 0°C to +70°C or -40°C to -r85°C. Vcc = 5V ±20%. Vss = 0V^‘^ 





12MHz CLOCK 

VARIABLE CLOCK 


SYMBOL 

FIGURE 

PARAMETER 

MIN 

MAX 

MIN 

MAX 

UNIT 

1/fCLCL 


Oscillator frequency; Speed Versions 
SCN8051/31 C 



3.5 

12 

MHz 



MAB8051/31 -2 



3.5 

12 

MHz 



MAF8051/31 -2 



3.5 

12 

MHz 



SCN8051/31 F 



3.5 

15 

MHz 

flHLL 

1 

ALE pulse width 

127 


2tcLCL-40 


ns 

UVLL 

1 

Address valid to ALE low 

43 


tcLCL-40 


ns 

tlLAX 

1 

Address hold after ALE low 

48 


tCLCL~35 


ns 

flLIV 

1 

ALE low to valid instruction in 




4tcLCL-100 

ns 

tLLPL 

1 

ALE low to PSEN low 

58 


tcLCL-25 


ns 

fpLPH 

1 

PSEN pulse width 

215 


3fCLCL~35 


ns 

fpLIV 

1 

PSEN low to valid instruction in 


125 


3tcLCL-1 25 

ns 

tpxix 

1 

Input instruction hold after PSEN 

0 


0 


ns 

fpxiz 

1 

Input instruction float after PSEN 


63 


tcLCL-20 

ns 

Uviv 

1 

Address to valid instruction in 


302 


5tcLCL“'N5 

ns 

fpLAZ 

1 

PSEN low to address float 


20 


20 

ns 

fpXAV 

1 

PSEN to address valid 

75 


k;LCL-8 


ns 

Data Memory 

fRLRH 

2,3 

RU pulse width 

400 




ns 



WR pulse width 

400 


0tcLCL~1 00 


ns 



FRJ low to valid data in 


252 


5tcLCL-1 05 

ns 

tRHDX 


Data hold after fflJ 

0 


0 


ns 

tRHDZ 


Data float after RU 


97 


2tcLCL-70 

ns 

tLLDV 


ALE low to valid data in 


517 


3tCLCL~1 50 

ns 

Wdv 

2,3 

Address to valid data in 


585 


91clcl-105 

ns 

^LLWL 

2,3 

ALE low to RD or WR low 

200 

300 

3fcLCL“50 

3tcLCL+50 

ns 

WWL 

2.3 

Address valid to WR low or RU low 

203 


4tcLCL-1 30 


ns 

kavwx 

2,3 

Data valid to WR transition 

23 


tCLCL-00 


ns 

kiVWH 

2.3 

Data valid to WR high 

433 


7tcLCL -1 50 


ns 

tWHQX 

2.3 

Data hold after WR 

33 


k:LCL-50 


ns 

fRLAZ 

2,3 

RD low to address float 


20 


20 

ns 

fWHLH 

2,3 

RU or WR high to ALE high 

43 

123 

tcLCL-40 

tCLCL+40 

ns 

External Clock 

tCHCX 

5 

High time 

20 


20 


ns 

tcLCX 

5 

Low time 

20 


20 


ns 

tCLCH 

5 

Rise time 


20 


20 

ns 

tCHCL 

5 

Fall time 


20 


20 

ns 


NOTES: 


1 . Parameters are valid over operating te mperat ure range unless otherwise specified. 

2. Load capacitance for port 0, ALE, and PSEN = 1 0OpF, load capacitance for all other outputs = 80pF. 
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8031 AH/8051 AH 


EXPLANATION OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
first character is always ‘t’ (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are; 

A - Address 
C - Clock 
D - Input data 
H - Logic level high 

I - Instruction (program memory contents) 
L - Logic level low, or ALE 
P - P5ER 


Q - Output data 
R - TTC5 signal 
t - Time 
V - Valid 
W- WR signal 

X - No longer a valid logic level 
Z - Float 

Examples: tAVLL=^fTie for address valid to 
ALE low. 

tLLPL =Time for ALE low to 
PSEN low. 
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Philips Semiconductors Microcontroller Products 


Product specification 


CMOS single-chip 8-bit microcontroller 80C31/80C51/87C51 


DESCRIPTION 

The Philips 80C31/80C51/87C51 is a 
high-performance microcontroller fabricated 
with Philips high-density CMOS technology. 
The CMOS 8XC51 is functionally compatible 
with the NMOS 8031/8051 microcontrollers. 
The Philips CMOS technology combines the 
high speed and density characteristics of 
HMOS with the low power attributes of 
CMOS. Philips epitaxial substrate minimizes 
latch-up sensitivity. 

The 8XC51 contains a 4k x 8 ROM (80C51 ) 
EPROM (87C51), a 128 x 8 RAM, 32 I/O 
lines, two 1 6-bit counter/timers, a five-source, 
two-priority level nested interrupt structure, 
a serial I/O port for either multi-processor 
communications, I/O expansion or full duplex 
UART, and on-chip oscillator and clock 
circuits. 

In addition, the device has two software 
selectable modes of power reduction — Idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial port, and Interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
osdilator, causing all other chip functions to 
be inoperative. 


FEATURES 

• 8031/8051 compatible 

- 4k X 8 ROM (80C51) 

- 4k X 8 EPROM (87C51) 

- ROMIess(80C31) 

- 128x8 RAM 

- Two 16-bit counter/timers 

- Full duplex serial channel 

- Boolean processor 

• Memory addressing capability 

- 64k ROM and 64k RAM 

• Power control modes: 

- Idle mode 

- Power-down mode 

• CMOS and TTL compatible 

• Five speed ranges at Vcc = 5V 

- 12MHz 

- 16MHz 

- 24MHz 

- 30MHz 

- 33MHz 

• Five package styles 

• Extended temperature ranges 

• OTP package available 


PIN CONFIGURATIONS 


P1.01T 

V— ✓ 


pi.i|T 



P1.2[T 


H 

P1.3[T 


H 

P1.4[T 



Pl.5[y 



P1.6|T 



P1.7[T 



RST |T 

CERAMIC 


RXD/P3.0 

AND 

PLASTIC 

El 

TXD/P3.1 

DUAL 

IN-UNE 


FWm/P3.2 |l2 

PACKAGE 


IFrrT/P3.3 [l3 



T0/P3.4 [u 


13 

T1/P3.5 [« 


m 

WR/P3.6[^ 


m 

im/P3.7 


El 

XTAL2 



XTAL1 


1 

vss 


13 


Vcc 

PO.O/ADO 

P0.1/AD1 

P0.2/AD2 

P0.3/AD3 

P0.4/AD4 

P0.5/AD5 

P0.6/AD6 

P0.7/AD7 

ETUVpp 

ALE/PBDG 

P5EN 

P2.7/A15 

P2.6/A14 

P2.5/A13 

P2.4/A12 

P2.3/A11 

P2.2/A10 

P2.1/A9 

P2.0/A8 






1 40 

□ □- 


CERAMIC 

AND 

PLASTIC 

LEAD 

CHIP 

CARRIER 


TJ 


□ 39 


□ 29 


44 34 



SEE PAGE NO TAG FOR QFP AND LOG PIN FUNCTIONS 
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CMOS single-chip 8-bit microcontroller 


CERAMIC AND PLASTIC LEADED 
CHIP CARRIER PIN FUNCTIONS 




6 

n_ 

1 

40 

n 



7C 


O 


□ 39 




LCC 




17 C 




□ 29 



u 


u 




18 


28 


Pin 

Function 


Pin 

Function 

1 

NC 


23 

NC 

2 

P1.0 


24 

P2.0/A8 

3 

P1.1 


25 

P2.1/A9 

4 

PI. 2 


26 

P2.2/A10 

5 

PI. 3 


27 

P2.3/A11 

6 

PI. 4 


28 

P2.4/A12 

7 

P1.5 


29 

P2.5/A13 

8 

PI. 6 


30 

P2.6/A14 

9 

PI. 7 


31 

P2.7/A15 

10 

RST 


32 

PSEN 

11 

P3.0/RxD 


33 

ALE/PHOG 

12 

NC 


34 

NC 

13 

P3.1/TxD 


35 

EAA/pp 

14 

P3.2/INTty 


36 

P0.7/AD7 

15 

P3.3/INTT 


37 

P0.6/AD6 

16 

P3.4/T0 


38 

P0.5/AD5 

17 

P3.57ri 


39 

P0.4/AD4 

18 

P3.6/WR 


40 

P0.3/AD3 

19 

P3.7/FID 


41 

P0.2/AD2 

20 

XTAL2 


42 

P0.1/AD1 

21 

XTAL1 


43 

PO.O/ADO 

22 

vss 


44 

vcc 


PLASTIC QUAD FLAT PACK 
PIN FUNCTIONS 


44 34 



Pin 

Function 

Pin 

Function 

1 

P1.5 

23 

P2.5/A13 

2 

PI. 6 

24 

P2.6/A14 

3 

PI. 7 

25 

P2.7/A15 

4 

RST 

26 

PEER 

5 

P3.0/RxD 

27 

ALE/PRUG 

6 

NC 

28 

NC 

7 

P3.irrxD 

29 

EAA/pp 

8 

P3.2/1NTD 

30 

P0.7/AD7 

9 

P3.3/1NTT 

31 

P0.6/AD6 

10 

P3.4TrO 

32 

P0.5/AD5 

11 

P3.5/T1 

33 

P0.4/AD4 

12 

P3.6A/7R 

34 

P0.3/AD3 

13 

P3.7RD 

35 

P0.2/AD2 

14 

XTAL2 

36 

P0.1/AD1 

15 

XTAL1 

37 

PO.O/ADO 

16 

Vss 

38 

vcc 

17 

NC 

39 

NC 

18 

P2.0/A8 

40 

P1.0 

19 

P2.1/A9 

41 

P1.1 

20 

P2.2/A10 

42 

P1.2 

21 

P2.3/A11 

43 

PI. 3 

22 

P2.4yA12 

44 

PI. 4 


LOGIC SYMBOL 



80C31/80C51/87C51 
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CMOS single-chip 8-bit microcontroller 80C31/80C51/87C51 


ORDERING INFORMATION 


EPROM 

DRAWING 

NUMBER 

PHiUPS NORTH AMERICA 

— 

ROMIess 

ROM 

DRAWING 

NUMBER 

TEMPERATURE RANGE °C 

AND PACKAGE^ 

Freq 

MHz 

SC87C51CCF40 

0590B 




0 to -1-70, Ceramic Dual In-line Package, UV 

12 


■E^Si 




0 to +70, Ceramic Leaded Chip Carrier, UV 

mm 



SC80C31BCCN40 

SC80C51BCCN40 


0 to +70, Plastic Dual In-line Package, OTP 

mm 

SC87C51CCA44 


SC80C31 BCCA44 

SC80C51BCCA44 

0403G 

0 to +70. Plastic Leaded Chip Carrier, OTP 

mm 

SC87C51CCB44 

IQQn 

SC80C31BCCB44 



0 to +70, Plastic Quad Flat Pack, OTP 

mm 

SC87C51ACF40 

0590B 




-40 to +85, Ceramic Dual In-line Package, UV 

mm 

SC87C51ACK44 

1472A 




-40 to +85, Ceramic Leaded Chip Carrier, UV 

mm 

SC87C51ACN40 

0415C 

SC80C31 BACN40 



-40 to +85, Plastic Dual In-line Package, OTP 

mm 

SC87C51ACA44 

0403G 

SC80C31 BACA44 



-40 to +85, Plastic Leaded Chip Carrier, OTP 

mm 

SC87C51CGF40 

0590B 




0 to +70. Ceramic Dual In-line Package, UV 

mm 

SC87C51CGK44 





0 to +70, Ceramic Leaded Chip Carrier, UV 

mm 

SC87C51CGN40 



SC80C51BCGN40 


0 to +70, Plastic Dual In-line Package, OTP 

mm 

SC87C51CGA44 

0403G 

SC80C31 BCGA44 

SC80C51BCGA44 

0403G 

0 to +70, Plastic Leaded Chip Carrier, OTP 

16 

SC87C51CGB44 

1118D 


SC80C51BCGB44 

1118D 

0 to +70, Plastic Quad Flat Pack, OTP 

16 

SC87C51AGF40 

0590B 




-40 to +85, Ceramic Dual In-line Package, UV 

16 

SC87C51AGK44 

1472A 




-40 to +85, Ceramic Leaded Chip Carrier, UV 

mm 



SC80C31 BAGN40 

SC80C51BAGN40 

0415C 

-40 to +85, Plastic Dual In-line Package. OTP 

mm 



SC80C31 BAGA44 

SC80C51BAGA44 

0403G 

-40 to +85, Plastic Leaded Chip Carrier, OTP 

mm 



























0 to +70, Ceramic Dual In-line Package, UV 

B 

SC87C51CPK44 





0 to +70, Ceramic Leaded Chip Carrier, UV 

B 

SC87C51CPN40 


SC80C31BCPN40 

SC80C51BCPN40 

0415C 

0 to +70, Plastic Dual In-line Package, OTP 

B 

SC87C51CPA44 

0403G 

SC80C31 BCPA44 

SC80C51BCPA44 

0403G 

0 to +70, Plastic Leaded Chip Carrier, OTP 

B 








SC87C51APF40 

0590B 




-40 to +85, Ceramic Dual In-line Package, UV 


SC87C51APK44 



IHHHHi 

IBHi 

-40 to -f 85. Ceramic Leaded Chip Carrier, UV 

B 

SC87C51APN40 



SC80C51BAPN40 

■SB 

-40 to +85, Plastic Dual In-line Package, OTP 

24 

SC87C51APA44 

0403G 

SC80C31BAPA44 

SC80C51BAPA44 

■SB 

-40 to +85, Plastic Leaded Chip Carrier, OTP 

24 





























SC87C51CYF40 

0590B 




0 to +70, Ceramic Dual In-line Package, UV 

33 

SC87C51CYK44 

1427A 




0 to +70, Ceramic Leaded Chip Carrier, UV 

33 

SC87C51CYN40 


SC80C31BCYN40 

SC80C51BCYN40 

041 5C 

0 to +70. Plastic Dual In-line Package, OTP 

33 

SC87C51CYA44 


SC80C31BCYA44 

SC80C51BCYA44 

0403G 

0 to +70, Plastic Leaded Chip Carrier, OTP 

33 








SC87C51AYF40 





-40 to +85, Ceramic Dual In-line Package, UV 

33 

SC87C51AYK44 

WB^Stk 




-40 to +85, Ceramic Leaded Chip Carrier. UV 

33 

SC87C51AYN40 

0415C 

SC80C31 BAYN40 

SC80C51BAYN40 

0415C 

-40 to +85, Plastic Dual In-line Package, OTP 

33 

SC87C51AYA44 

0403G 

SC80C31 BAYA44 

SC80C51BAYA44 

0403G 

-40 to +85, Plastic Leaded Chip Carrier, OTP 

33 


1. OTP = One Time Programmable EPROM. UV = UV Erasable EPROM 
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ORDERING INFORMATION 


PHILIPS 

ROMIess 

ROM 

DRAWING 

NUMBER 

TEMPERATURE RANGE “C 

AND PACKAGE^ 

Freq 

MHz 












PCB80C51BH-2P 

soil 29 

0 to -f 70, Plastic Dual In-line Package, OTP 

12 

1 PCB80C31BH2-12WP 

PCB80C51BH-2WP 

SOT187 

0 to +70, Plastic Leaded Chip Carrier, OTP 

12 


PCB80C51BH-2H 

SOT311 

0 to +70, Plastic Quad Flat Pack, OTP 

12 
































PCB80C31BH3-16P 

PCB80C51BH-3P 

son 29 

0 to +70, Plastic Dual In-line Package, OTP 

16 

PCB80C31BH3-16WP 


SOT187 

0 to +70, Plastic Leaded Chip Carrier, OTP 

16 

PCB80C31BH3-16H 


SOT311 

0 to +70, Plastic Quad Flat Pack, OTP 

16 













PCF80C51BH-3P 


-40 to +85, Plastic Dual In-line Package, OTP 

16 


PCF80C51BH-3WP 


^0 to +85, Plastic Leaded Chip Carrier, OTP 

16 


PCF80C51BH-3H 


—40 to +85, Plastic Quad Flat Pack, OTP 

16 

PCA80C31BH3-16P 

PCA80C51BH-3P 

son 29 

-40 to +125, Plastic Dual In-line Package 

16 

PCA80C31BH3-16WP 

PCA80C51BH-3WP 

801187 

-40 to +125, Plastic Leaded Chip Carrier 

16 











PCB80C31BH4-24P 

PCB80C51BH-4P 

801129 

0 to +70, Plastic Dual In-line Package, OTP 

24 

PCB80C31BH4-24WP 

PCB80C51BH-4WP 

801187 

0 to +70, Plastic Leaded Chip Carrier, OTP 

mm 



SOT311 

0 to +70, Plastic Quad Flat Pack, OTP 












PCF80C31BH4-24P 


301129 

-40 to +85, Plastic Dual In-line Package, OTP 

24 

PCF80C31BH4-24WP 


301187 

-40 to +85, Plastic Leaded Chip Carrier, OTP 

24 

PCF80C31BH4-24H 


SOT311 

-40 to +85, Plastic Leaded Chip Carrier, OTP 

24 

PCB80C31BH5-30P 

PCB80C51BH-5P 

301129 

0 to +70, Plastic Dual In-line Package 

30 


PCB80C51BH-5WP 

SOT187 

0 to +70, Plastic Leaded Chip Carrier 

30 


PCB80C51BH-5H 

SOT311 

0 to +70, Plastic Quad Flat Pack 

30 
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PIN DESCRIPTION 



PIN NO. 




MNEMONIC 

DIP 

LCC 

QFP 

TYPE 

NAME AND FUNCTION 

Vss 

20 

22 

16 

1 

Ground: OV reference. 

Vcc 

40 

44 

38 

1 

Power Supply: This is the power supply voltage for normal, idle, and power-down 
operation. 

PO.0-0.7 

39-32 

43-36 

37-30 

I/O 

Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1 s written to 
them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. In 
this application, it uses strong internal pull-ups when emitting Is. Port 0 also outputs the 
code bytes during program verification in the 87C51. External pull-ups are required during 
program verification. 

P1.0-P1.7 

1-8 

2-9 

40-44, 

1-3 

I/O 

Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. Port 1 pins that have Is 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 1 pins that are externally pulled low will source current because of the internal pull-ups. 
(See DC Electrical Characteristics; Iil). Port 1 also receives the low-order address byte 
during program memory verification. 

P2.0-P2.7 

21-28 

24-31 

18-25 

I/O 

Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have Is 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: Iil). Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data 
memory that use 16-blt addresses (MOVX (2>DPTR). In this application, it uses strong 
internal pull-ups when emitting 1 s. During accesses to external data memory that use 8-bit 
addresses (MOV (g>Ri), port 2 emits the contents of the P2 special function register. 

P3.0-P3.7 

10-17 

11. 

13-19 

5, 

7-13 

I/O 

Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1 s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics; I|l). Port 3 also serves the special features of the 80C51 
family, as listed below; 


10 

11 

5 

1 

RxD (P3.0): Serial input port 


11 

13 

7 

0 

TxD (P3.1): Serial output port 


12 

14 

8 

1 

INTO (P3.2): External interrupt 


13 

15 

9 

1 

INTi (P3.3): External interrupt 


14 

16 

10 

1 

TO (P3.4): Timer 0 external input 


15 

17 

11 

1 

T1 (P3.5): Timer 1 external input 


16 

18 

12 

o 

WR (P3.6): External data memory write strobe 


17 

19 

13 

o 

HD (P3.7): External data memory read strobe 

RST 

9 

10 

4 

1 

Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An Internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vcc- 

ALE/PROG 

30 

33 

27 

I/O 

Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the 
address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is skipped during each access to external data memory. This pin is 
also the program pulse input (PROG) during EPROM programming. 

PSER 

29 

32 

26 

0 

Program Store Enable: The read strobe to external program memory. When the device is 
executing code from the external program memory, PSEN is activated twice each machine 
cycle, except that two PSEN activations are skipped during each access to external data 
memory. PSEN is not activated during fetches from internal program memory. 

EA/Vpp 

31 

35 

29 

1 

External Access Enable/Programming Supply Voltage: EA must be externally held low 
to enable the device to fetch code from external program memory locations OOOOH to 

OFFER. If EA is held high, the device executes from internal program memory unless the 
program counter contains an address greater than OFFER. This pin also receives the 

12.75V programming supply voltage (Vpp) during EPROM programming. 

XTAL1 

19 

21 

15 

1 

Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 

XTAL2 

18 

20 

14 

0 

Crystal 2: Output from the inverting oscillator amplifier. 
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OSCILLATOR 

CHARACTERISTICS 

XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown In the logic symbol. 

To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times spedfied in the data sheet 
must be observed. 


RESET 

A reset is accomplished by holding the RST 
pin high for at least two machine cycles 


(24 oscillator periods), while the oscillator is 
running. To Insure a good power-up reset, the 
RST pin must be high long enough to allow 
the osdilator time to start up (normally a few 
milliseconds) plus two machine cycles. 


IDLE MODE 

In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 


up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor In the same manner as a 
power-on reset. 


POWER-DOWN MODE 

In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode, the 
control bits for the reduced power modes are 
in the special function register PCON. 

Table 1 shows the state of I/O ports during 
low current operating modes. 


ROM CODE SUBMISSION 

When submitting ROM code for the 80C51, the following must be specified: 

1 . 4k byte user ROM data 

2. 32 byte ROM encryption key (SC80C51 only) 

3. ROM security bits (SC80C51 only). 


ADDRESS 

CONTENT 

BIT(S) 

COMMENT 

OOOOH to OFFFH 

DATA 

7:0 

User ROM Data 

lOOOHto 101FH 

KEY 

7:0 

ROM Encryption Key 

1020H 

SEC 

0 

ROM Security Bit 1 

1020H 

SEC 

1 

ROM Security Bit 2 


Security Bit 1 ; When programmed, this bit has two effects on masked ROM parts; 

1. External MOVC is disabled, and 

2. EA# is latched on Reset. 

Security Bit 2: When programmed, this bit inhibits Verify User ROM. 

Table 1. External Pin Status During Idle and Power-Down Modes 


MODE 

PROGRAM MEMORY 

ALE 

P5ER 

PORTO 

PORT1 

PORT 2 

PORT 3 

Idle 

Internal 

1 

1 

Data 

Data 

Data 

Data 

Idle 

External 

1 

1 

Float 

Data 

Address 

Data 

Power-down 

Internal 

0 

0 

Data 

Data 

Data 

Data 

Power-down 

External 

0 

0 

Float 

Data 

Data 

Data 
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Electrical Deviations from Commercial Specifications for Extended Temperature Range (87C51) 

DC and AC parameters not included here are the same as in the commercial temperature range table. 


DC ELECTRICAL CHARACTERISTICS 

Tamb = -40°C to +85°C, Vcc = 5V ±10%. Vss = OV (Signetics Parts Only) 
Tamb = ^0°C to +1 25°C. Vcc = 5V ±10%. Vss = QV (Philips Parts Only) 




TEST 

LIMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

MAX 

UNIT 

V,L 

Input low voltage, except EA (Signetics) 


-0.5 

0.2Vcc-0.15 

V 

V,L 

Input low voltage, except EA (Philips) 


-0.5 

0.2Vcc-0.25 

V 

V|L1 

Input low voltage to EA 


-0.5 

0.2Vcc-0.45 

V 

V,H 

Input high voltage, except XTAL1 , RST 


0.2Vcc+1 

Vcc+0.5 

V 

V|H1 

Input high voltage to XTAL1 , RST 


0.7Vcc+0.1 

Vcc+0.5 

V 

IlL 

Logical 0 input current, ports 1 , 2, 3 

V,N = 0.45V 


-75 

pA 

Itl 

Logical 1-to-O transition current, ports 1, 2, 3 

V|N = 2.0V 


-750 

pA 

•cc 

Power supply current; 

Vcc = 4.5-5.5V 





Active mode^ @ 16MHz (Philips) 



25 

mA 


Active mode @ 12MHz (Signetics) 



20 

mA 


Idle mode^ <§> 16MHz (Philips) 



6.5 

mA 


Idle mode (2> 12MHz (Signetics) 



5 

mA 


Power-down mode^ (Philips) 



75 

pA 


Power-down mode (Signetics) 



50 

pA 


NOTES: 


1 . The operating supply current is measured with all output pins disconnected; XTAL1 driven with t^ = tf = 10ns; Vil = Vss + 0.5V; 
V|H = Vcc - 0.5V; XTAL2 not connected; EA = RST = Port 0 = Vcc- 

2. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with tr = tf = 10ns; V|l = Vss + 0.5V; 
V|H = Vcc - 0-5V; XTAL2 not connected; EA = Port 0 = Vcc; RST == Vss. 

3. The power-down current is measured with all output pins disconnected. XTAL2 not connected, EA = Port 0 = Vcc: RST = Vss. 


ABSOLUTE MAXIMUM RATINGS' ^ ^ 


PARAMETER 

RATING 

UNIT 

Operating temperature under bias 

0 to +70 or 
^0 to +85 

°C 

Storage temperature range 

-65 to +150 

°c 

Voltage on EA/Vpp pin to Vss 

0 to +13.0 

V 

Voltage on any other pin to Vss 

-0.5 to +6.5 

V 

Maximum Iql per I/O pin 

15 

mA 

Power dissipation (based on package heat transfer 
limitations, not device power consumption) 

1.5 

W 


NOTES: 


1 . Stresses above those listed under Absolute Maximum Ratings may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at 
these or any conditions other than those described in the AC and DC Electrical 
Characteristics section of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of Its internal devices 
from the damaging effects of excessive static charge. Nonetheless, it is suggested that 
conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless othenwise specified. All 
voltages are with respect to Vss unless otherwise noted. 
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DC ELECTRICAL CHARACTERISTICS 

Tamb = 0°C to -i-70°C or -40°C to -r85°C, Vcc = 5V ±20%, Vss = OV (80C31/51) (12, 16, and 24MHz versions) 
Tamb = 0°C to +70°C or --40°C to +85°C, Vcc = 5V ±10%. Vss = OV (87C51) (80C31/80C51 33MH2 version) 




TEST 

LIMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYPICAU 

MAX 

UNIT 

V|L 

Input low voltage, except EA^ 


-0.5 


0.2Vcc-0.1 

V 

V|L1 

Input low voltage to EA^ 


0 


0.2VCC-0.3 

V 

V,H 

Input high voltage, except XTAL1 , RST^ 


0.2Vcc+0.9 


Vcc+0.5 

V 

V|H1 

Input high voltage, XTAL1 . RST^ 


0.7Vcc 


Vcc+0-5 

V 

VoL 

Output low voltage, ports 1, 2, 3^^ 

loL = 1-6mA2 



0.45 

V 

VoL1 

Output low voltage, port 0, ALE, PSEN” 

Iql = 3.2mA2 



0.45 

V 

VOH 

Output high voltage, ports 1 , 2, 3, ALE. PSEN^ 

loH = -60(iA, 

2.4 



V 



loH = -25M.A 

0.75VCC 



V 



loH = -lO^iA 

0.9Vcc 



V 

VoH1 

Output high voltage (port 0 in external bus mode) 

Iqh ~ — SOOfjA, 

2.4 



V 



Iqh = — 300}iA 

0.75Vcc 



V 



loH = -BOjiA 

0.9Vcc 



V 

IlL 

Logical 0 input current, ports 1,2,3^ 

V|N = 0.45V 



-50 

pA 

Itl 

Logical 1-to-O transition current, ports 1, 2, 3^ 

See note 4 



-650 

pA 

Ili 

Input leakage current, port 0 

V|N = V,L or V|H 



±10 

pA 

Icc 

Power supply current;^ 

See note 6 






Active mode <2> 12MHz® (Philips) 




18 

mA 


Active mode <§> 12MHz^ (Signetics) 



11.5 

19 

mA 


Idle mode @ 12MHz^ (Philips) 




4.4 

mA 


Idle mode @ 12MHz (Signetics) 



1.3 

4 

mA 


Power-down mode^° (Philips and Signetics) 



3 

50 

pA 

Rrst 

Internal reset pull-down resistor (Signetics) 


50 


300 

kn 


(Philips) 


50 


150 

kQ 

Sio 

Pin capacitance (12) 




10 

pF 


NOTES: 

1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 

2. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VqlS of ALE and ports 1 and 3. The noise is due 


to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1 -to-0 transitions during bus operations. In the 
worst cases (capacitive loading > lOOpF). the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input.. Iql can exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 

3. Capacitive loading on ports 0 and 2 may cause the Vqh on ALE and PSEN to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 

4. Pins of ports 1 , 2 and 3 source a transition current when they are being externally driven from 1 to 0. The transition current reaches its 
maximum value when V|n is approximately 2V. 

5. IccMAX at other frequencies (for Signetics parts) is given by: Active mode; IccMAX = 1 .43 X FREQ + 1 .90: Idle mode: IccMAX = 0.14 X 
FREQ +2.31, where FREQ is the external oscillator frequency in MHz. IccMAX is given in mA. See Figure 7. 

6. See Figures 8 through 1 1 for Ice test conditions. 

7. For Signetics parts when Tamb = -40X to +85°C or Philips parts when Tamb = -40°C to +125°C, see DC Electrical Characteristics table on 
previous page. 

8. The operating supply current is measured with all output pins disconnected; XTAL1 driven with t^ = tf = 10ns; V|l = Vss + 0.5V: 

ViH = Vcc - 0 5V; XTAL2 not connected; EA = RST = Port 0 = Vcc- 

9. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with L = tf = 10ns; V|l = Vss + 0.5V; 

V|H = Vcc - 0-5V; XTAL2 not connected; "EA = Port 0 = Vcc; RST = Vss. 

10. The power-down current is measured with all output pins disconnected, XTAL2 not connected, EA = Port 0 = Vcc; RST = Vss. 

1 1 . Under steady state (non-transient) conditions, Iql must be externally limited as follows: 

Maximum Iql per port pin; 15mA 

Maximum Iql per 8-bit port: 26mA 

Maximum Iql total for all outputs: 67mA 

If Iql exceeds the test condition, Vql may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 

12. Pin capacitance for the ceramic DIP package is 15pF maximum. 
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AC ELECTRICAL CHARACTERISTICS FOR 12-33MHZ SIGNETICS DEVICES 

Tamb = 0°c to +70°C or ^0°C to -i-85°C. Vcc = 5V ±20%, Vss = OV (80C31/51 )^ • 2 . ^ (1 2 , 1 6, and 24MHz versions) 
Tamb = 0°C to -f 70°C or ^0°C to -f85°C. Vcc = 5V ±10%. Vss = OV (87C51) (80C31/80C51 33MHz version) 





VARIABLE CLOCK® 


SYMBOL 

FIGURE 

PARAMETER 

MIN 

MAX 

UNIT 

1/tCLCL 


Oscillator frequency: Speed Versions 






SC80C31/51 C 

3.5 

12 

MHz 



G 

3.5 

16 

MHz 



P 

3.5 

24 

MHz 



Y 

3.5 

33 

MHz 

tLHLL 

1 

ALE pulse width 

2tcLCL-^0 


ns 

Wll 

1 

Address valid to ALE low 

tCLCL-IS 


ns 

tLLAX 

1 

Address hold after ALE low 

tcLCL-20 


ns 

tlLIV 

1 

ALE low to valid instruction in 



ns 

tLLPL 

1 

ALE low to PSEN low 

tcLCL-13 


ns 

tpLPH 

1 

PSEN pulse width 

3tcLCL-20 


ns 

fpLIV 

1 

PSEN low to valid instruction in 


3tCLCL-^5 

ns 

fpxix 

1 

Input instruction hold after PSEN 

0 


ns 

^PXIZ 

1 

Input instruction float after PSEN 


tcLCL“10 

ns 

Wiv 

1 

Address to valid instruction in 


5tcLCL-55 

ns 

tpLAZ 

1 

PSEN low to address float 


10 

ns 

Data Memory 

tRLRH 


RD pulse width 

6tCLCL“'* 00 


ns 

tWLWH 

2,3 

WR pulse width 

6tCLCL~100 


ns 

fRLDV 

KOI 

RD low to valid data in 


5tcLCL-90 

ns 

tRHDX 

IBBI 

Data hold after R0 

0 


ns 

tRHDZ 


Data float after RR 


2tcLCL-28 

ns 

tlLDV 


ALE low to valid data in 


lESISSESIIIi 

ns 

Wdv 

2.3 

Address to valid data in 



ns 

flLWL 


ALE low to R0 or WR low 

0fCLCL“50 

3tcLCL+50 

ns 

WWL 


Address valid to WR low or RU low 

4tcLCL-75 


ns 



Data valid to WR transition 

fcLCL-20 


ns 


2,3 

Data hold after WR 

tcLCL-20 


ns 

tRLAZ 


RR low to address float 


0 

ns 

tWHLH 

2,3 

RR or WR high to ALE high 

fcLCL-20 

tcLCL+25 

ns 

External Clock 

tCHCX 

4 

High time 

12 


ns 

tCLCX 

4 

Low time 

12 


ns 

tCLCH 

4 

Rise time 


20 

ns 

tCHCL 

4 

Fall time 


20 

ns 


NOTES: 

1 . Parameters are valid over operating te mpera ture range unless otherwise specified. 

2. Load capacitance for port 0, ALE, and PSEN = 100pF, load capacitance for all other outputs = 80pF. 

3. For all Signetics speed versions only. 

4. Interfacing the 80C31/51 to devices with float times up to 50ns is permitted. This limited bus contention will not cause damage to port 0 
drivers. 
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Philips Semiconductors Microcontroller Products 


Product specification 


CMOS single-chip 8-bit microcontroller 80C31/80C51/87C51 


AC ELECTRICAL CHARACTERISTICS FOR PHILIPS DEVICES 

Tamb = 0°C to -f70°C, Vcc = 5V ±20%, Vss = OV (80C31/51)^-^-^ 





VARIABLE CLOCKS 


SYMBOL 

FIGURE 

PARAMETER 

MIN 

MAX 

UNIT 

1/tCLCL 


Oscillator frequency: Speed Versions 






PCA/PCB/PCF80C31/51 

1.2 

16 

MHz 



PCB/PCF80C31/51 -A 

1.2 

24 

MHz 



PCB/FB80C31/51 -6 

1.2 

30 

MHz 

tlHLL 

1 

ALE pulse width 

2tcLCL-40 


ns 

tAVLL 

1 

Address valid to ALE low 

tcLCL-25 


ns 

tlLAX 

1 

Address hold after ALE low 

tcLCL-25 


ns 

tLLIV 

1 

ALE low to valid instruction in 


4tcLCL-65 

ns 

klPL 

1 

ALE low to PSEN low 

tcLCL-25 


ns 

tpLPH 

1 

PSEN pulse width 

3tcLCL-45 


ns 

tpLIV 

1 

PSEN low to valid instruction in 


o 

o 

ns 

tpxix 

1 

Input instruction hold after PSEN 

0 


ns 

tpxiz 

1 

Input instruction float after PSEN 


tcLCL-25 

ns 

WlV 

1 

Address to valid instruction in 


5tcLCL-80 

ns 

tpLAZ 

1 

PSEN low to address float 


10 

ns 

Data Memory 

tpLRH 

2.3 

RD pulse width 

StcLCL-lOO 


ns 

tWLWH 

2,3 

WR pulse width 



ns 

tRLDV 

2. 3 

RU low to valid data in 


5tcLCL-90 

ns 

tRHDX 

2.3 

Data hold after RR 

0 


ns 

tRHDZ 

2, 3 

Data float after RR 


2tcLCL-28 

ns 

tLLDV 

2. 3 

ALE low to valid data in 


8tcLCL~1 50 

ns 

Wdv 

2. 3 

Address to valid data in 


9tcLCL-165 

ns 

^LLWL 

2,3 

ALE low to RR or WR low 

3tcLCL-50 

3tcLCL+50 

ns 

WWL 

2,3 

Address valid to WR low or RR low 



ns 

tQVWX 

2,3 

Data valid to WR transition 



ns 

tWHQX 

2, 3 

Data hold after WR 

tcLCL-25 


ns 

tRLAZ 

2, 3 

RR low to address float 


0 

ns 

tWHLH 

2,3 

FfR or WR high to ALE high 

tcLCL-25 

1clcl+25 

ns 

External Clock 

klHCX 

4 

High time 

15 


ns 

tCLCX 

4 

Low time 

15 


ns 

tCLCH 

4 

Rise time 


20 

ns 

tCHCL 

4 

Fall time 


20 

ns 


NOTES; 


1 . Parameters are valid over operating temperature range unless otherwise specified. 

2. Load capacitance for port 0, ALE, and PSEN = 1 0OpF, load capacitance for all other outputs = 80pF. 

3. For all Philips speed versions only. 

4. Interfacing the 80C31/51 to devices with float times up to 30ns is permitted. This limited bus contention will not cause damage to port 0 
drivers. 
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CMOS single-chip 8-bit microcontroller 80C31/80C51/87C51 


EXPLANATION OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
first character is always ‘t’ (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 

A - Address 
C — Clock 
D - Input data 
H - Logic level high 

I - Instruction (program memory contents) 

L - Logic level low, or ALE 
P - PSEN 


Q- Output data 
R - HEJ signal 
t - Time 
V - Valid 
W- WR signal 

X - No longer a valid logic level 
Z - Float 

Examples: Iavll = Tinie for address valid to 
ALE low. 

tLLPL= T^nie for ALE low to 
PSERlow. 
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VlOAD' 


VlOAD+0- 


VlOAD-0- 


).1V 

1.1V 




TIMING 

REFERENCE 

POINTS 




>: 


VoH^.lV 

VoL+O-lV 


NOTE: 

For timing purposes, a port is no tonger fioaling when a 1 0OmV change from load 
voltage occurs, and begins to float when a 1 0OmV change from the loaded Vqh/ 
Vql l®vel occurs. lOH/bL^-i-^Of^A. 

Figure 6. Float Waveform 



MAX ACTIVE MODE 
OCCMAX = 1-43 freq + 1.9) 


TYP ACTIVE MODE 


MAX IDLE MODE 

TYP IDLE MODE 


4MHz 8MHz 12MHz 16MHz 20MHz 24MHz 30MHz 33MHz 

FREQATXTAL1 


Figure 7. Ice vs. FREQ 

Valid only within frequency specifications of the device under test 
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Figure 11. Ice Test Condition, Power Down Mode 
All other pins are disconnected. Vec = 2V to 5.5V 
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EPROM CHARACTERISTICS 

The 87C51 is programmed by using a 
modified Quick-Pulse Programming™ 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALE/PROG pulses. 

The 87C51 contains two signature bytes that 
can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C51 manufactured by Philips Corporation. 

Table 2 shows the logic levels for reading the 
signature bytes, and for programming the 
program memory, the encryption table, and 
the security bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 12 and 13. Figure 14 shows 
the circuit configuration for normal program 
memory verification. 

Quick-Pulse Programming 

The setup for microcontroller quick-pulse 
programming is shown in Figure 1 2. Note that 
the 87C51 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 

The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 12. The code byte to be 
programmed into that location is applied to 
port 0. RST, PSEN and pins of ports 2 and 3 
specified in Table 2 are held at the ‘Program 
Code Data' levels indicated in Table 2. The 
ALEyPROG is pulsed low 25 times as shown 
in Figure 13. 

To program the encryption table, repeat the 
25 pulse programming sequence for 


addresses 0 through 1FH, using the ‘Pgm 
Encryption Table’ levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 

To program the security bits, repeat the 25 
pulse programming sequence using the 'Pgm 
Security Bit' levels. After one security bit is 
programmed, further programming of the 
code memory and encryption table is 
disabled. However, the other secrity bit can 
still be programmed. 

Note that the HAA/pp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 


PROGRAM VERIFICATION 

If security bit 2 has not been programmed, 
the on-chip program memory can be read out 
for program verification. The address of the 
program memory locations to be read Is 
applied to ports 1 and 2 as shown in 
Figure 14. The other pins are held at the 
‘Verify Code Data’ levels indicated in Table 2. 
The contents of the address location will be 
emitted on port 0. External pull-ups are 
required on port 0 for this operation. 

If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents In order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature Bytes 

The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 

(030H) = 15H indicates manufactured by 
Philips 

(031 H) = 92H indicates 87C51 

Program/Verify Algorithms 

Any algorithm in agreement with the 
conditions listed in Table 2, and which 
satisfies the timing specifications, is suitable. 

Erasure Characteristics 

Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, it 
is recommended that an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/cm^. Exposing the EPROM to an 
ultraviolet lamp of 12,000uW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 

Erasure leaves the array in an all 1 s state. 


Table 2. EPROM Progamming Modes 


MODE 

RST 

P5ER 



P2.7 

P2.6 

P3.7 

P3.6 


1 

0 

1 

1 

0 

0 

0 

0 


1 

0 

0* 

Vpp 

1 

0 

1 

1 

Verify code data 

1 

0 

1 

1 

0 

0 

1 

1 

Pgm encryption table 

1 

0 

0* 

Vpp 

1 

0 

1 

0 

Pgm security bit 1 

1 

0 

0* 

Vpp 

1 

1 

1 

1 

Pgm security bit 2 

1 

0 

0* 

Vpp 

1 

1 

0 

0 


NOTES: 

1 . ‘0’ = Valid low for that pin, '1 ’ = valid high for that pin. 

2. Vpp = 12.75V +0.25V. 

3. Vcc = 5V±1 0% during programming and verification. 

* ale/prog receives 25 programming pulses while Vpp is held at 1 2.75V. Each programming pulse is low for lOOps (±10|is) and high for a 
minimum of lOps. 


™Trademark phrase of Intel Corporation. 
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Vcc 

PI 


TO 

RST 


ERyvpp 

P3.6 


ALE/PROG 

P3.7 

87C51 

reEN 

XTAL2 


P2.7 



P2.6 

XTALI 


P2.0-P2.3 

vss 




+1 2.75 V 

25 lOOfis PULSES TO GROUND 


Figure 12. Programming Configuration 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 

Tamb = 21°C to +27°C. Vcc = 5V±10%. Vss = OV (See Figure 15) 

MJRAMliTiR I M 


Tamb = 21°C 

I SYMBOL 
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Philips Semiconductors 80C51-Based 8-Bit Microcontrollers 


PC-bus specification (including fast-mode) 


PREFACE 

This specification is an upcjated version including the following latest modifications: 

- Programming of a slave address by software has been omitted. The realization of this 
feature is rather complicated and has not been used. 

~ The ‘low-speed mode’ has been omitted. This mode is, in fact, a subset of the total 
I^C-bus specification and need not be specified explicitly. 

- The ‘fast-mode’ is added. This allows a fourfold Increase of bit rate up to 400 kbit/s. 
Fast-mode devices are downwards compatible i.e. they can be used In a 0 to 

100 kbit/s I^C-bus system. 

- 10-blt addressing is added. This allows 1024 additional slave addresses. 

- Slope control and input filtering for fast-mode devices is specified to improve the EMC 
behaviour. 

NOTE 

Neither the 100 kbit/s I^C-bus system nor the 100 kbit/s devices have been 
changed. 
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Philips Semiconductors 80C51 -Based 8-Bit Microcontrollers 


I^C-bus specification (including fast-mode) 


1.0 INTRODUCTION 

For 8-bit applications, such as 
those requiring single>chip 
microcontrollers, certain design 
criteria can be established: 

• A complete system usually 
consists of at least one 
microcontroller and other 
peripheral devices such as 
memories and I/O expanders. 

• The cost of connecting the 
various devices within the 
system must be minimized. 

• Such a system usually 
performs a control function and 
doesn’t require high-speed data 
transfer. 

• Overall efficiency depends on 
the devices chosen and the 
interconnecting bus structure. 

In order to produce a system to 
satisfy these criteria, a serial bus 
structure Is needed. Although 
serial buses don’t have the 
throughput capability of parallel 
buses, they do require less wiring 
and fewer connecting pins. 
However, a bus is not merely an 
interconnecting wire, it embodies 
all the formats and procedures for 
communication within the system. 

Devices communicating with 
each other on a serial bus must 
have some form of protocol which 
avoids all possibilities of 
confusion, data loss and blockage 
of Information. Fast devices must 
be able to communicate with slow 
devices. The system must not be 
dependent on the devices 
connected to it, otherwise 
modifications or improvements 
would be impossible. A procedure 
has also to be devised to decide 


which device will be in control of 
the bus and when. And, if different 
devices with different clock speeds 
are connected to the bus, the bus 
clock source must be defined. Ail 
these criteria are involved in the 
specification of the I^C-bus. 

2.0 THEI^C-BUS 
CONCEPT 

Any IC fabrication process 
(NMOS, CMOS, bipolar) can be 
supported by the I^C-bus. Two 
wires, serial data (SDA) and serial 
clock (SCL), carry information 
between the devices connected to 
the bus. Each device is 
recognised by a unique address - 
whether it’s a microcontroller, LCD 
driver, memory or keyboard 
interface - and can operate as 
either a transmitter or receiver, 
depending on the function of the 
device. Obviously an LCD driver is 
only a receiver, whereas a 


memory can both receive and 
transmit data. In addition to 
transmitters and receivers, devices 
can also be considered as 
masters or slaves when 
performing data transfers (see 
Table 1). A master is the device 
which Initiates a data transfer on 
the bus and generates the clock 
signals to permit that transfer. At 
that time, any device addressed is 
considered a slave. 

The I^C-bus is a multi-master 
bus. This means that more than 
one device capable of controlling 
the bus can be connected to it. As 
masters are usually micro- 
controllers, let’s consider the case 
of a data transfer between two 
microcontrollers connected to the 
I^C-bus (Fig.1). This highlights the 
master-slave and receiver- 
transmitter relationships to be 
found on the I^C-bus. It should be 
noted that these relationships are 


Table 1 Ctefinition of i^C-bus terminology 


Term 

Description 

Transmitter 

The device which sends the data to the bus 

Receiver 

The device which receives the data from the bus 

Master 

The device which initiates a transfer, generates clock 
signals and terminates a transfer 

Slave 

The device addressed by a master 

Multi-master 

More than one master can attempt to control the bus at 
the same time without corrupting the message 

Arbitration 

Procedure to ensure that, if more than one master 
simultaneously tries to control the bus, only one is 
allowed to do so and the message is not corrupted 

Synchronization 

Procedure to synchronize the clock signals of two or 

more devices 
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Fig. 1 Example of an I^C-bus configuration 


not permanent, but only depend 
on the direction of data transfer at 
that time. The transfer of data 
would proceed as follows: 

1 ) Suppose microcontroller A 
wants to send information to 
microcontroller B: 

- microcontroller A (master), 
addresses microcontroller B 
(slave) 

- microcontroller A (master- 
transmitter), sends data to 
microcontroller B (slave- 
receiver) 

- microcontroller A terminates the 
transfer. 

2) If microcontroller A wants to 
receive information from 
microcontroller B: 

- microcontroller A (master) 
addresses microcontroller B 
(slave) 

- microcontroller A (master- 
receiver) receives data from 
microcontroller B (slave- 
transmitter) 

- microcontroller A terminates the 
transfer. 

Even In this case, the master 
(microcontroller A) generates the 
timing and terminates the transfer. 

The possibility of connecting 
more than one microcontroller to 
the I^C-bus means that more than 


one master could try to initiate a 
data transfer at the same time. To 
avoid the chaos that might ensue 
from such an event - an arbitration 
procedure has been developed. 
This procedure relies on the 
wIred-AND connection of all Pc 
Interfaces to the I^C-bus. 

If two or more masters try to 
put Information onto the bus, the 
first to produce a ‘one’ when the 
other produces a ‘zero’ will lose 
the arbitration. The clock signals 
during arbitration are a 
synchronised combination of the 
clocks generated by the masters 
using the wired- AND connection to 
the SCL line (for more detailed 
information concerning arbitration 
see section 6.0). 

Generation of clock signals on 
the I^C-bus is always the 


responsibility of master devices; 
each master generates its own 
clock signals when transferring 
data on the bus. Bus clock signals 
from a master can only be altered 
when they are stretched by a 
slow-slave device holding-down 
the clock line, or by another 
master when arbitration occurs. 

3.0 GENERAL 
CHARACTERISTICS 

Both SDA and SCL are 
bidirectional lines, connected to a 
positive supply voltage via a 
pull-up resistor (see Fig.2). When 
the bus is free, both lines are 
HIGH. The output stages of 
devices connected to the bus 
must have an open-drain or open- 
collector in order to perform the 
wired-AND function. Data on the 
I^C-bus can be transferred at a 
rate up to 100 kbit/s in the 
standard-mode, or up to 400 kbIt/s 
in the fast-mode. The number of 
interfaces connected to the bus is 
solely dependent on the limiting 
bus capacitance of 400 pF. 

4.0 BIT TRANSFER 

Due to the variety of different 
technology devices (CMOS, 

NMOS, bipolar) which can be 
connected to the I^C-bus, the 
levels of the logical ‘0’ (LOW) and 
‘1’ (HIGH) are not fixed and 
depend on the associated level of 
^DD (see Section 1 5.0 for 
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Electrical specifications). One 
clock pulse is generated for each 
data bit transferred. 

4.1 Data validity 

The data on the SDA line must be 
stable during the HIGH period of 
the clock. The HIGH or LOW state 
of the data line can only change 
when the clock signal on the SCL 
line is LOW (Fig.3). 

4.2 START and STOP 
conditions 

Within the procedure of the I^C* 
bus, unique situations arise which 
are defined as START and STOP 
conditions (see Fig.4). 

A HIGH to LOW transition of 
the SDA line while SCL is HIGH is 
one such unique case. This 
situation indicates a START 
condition. 

A LOW to HIGH transition of 
the SDA line while SCL Is HIGH 
defines a STOP condition. 

START and STOP conditions 
are always generated by the 
master. The bus is considered to 
be busy after the START 
condition. The bus Is considered 
to be free again a certain time 
after the STOP condition. This bus 
free situation will be specified later 
(in Section 15.0). 

Detection of START and STOP 
conditions by devices connected 
to the bus is easy If they 
incorporate the necessary 
interfacing hardware. However, 



microcontrollers with no such 
interface have to sample the SDA 
line at least twice per clock period 
in order to sense the transition. 

5.0 TRANSFERRING 
DATA 

5.1 Byte format 

Every byte put on the SDA line 
must be 8-bits long. The number 
of bytes that can be transmitted 
per transfer is unrestricted. Each 
byte has to be followed by an 
acknowledge bit. Data is 
transferred with the most 
significant bit (MSB) first (Fig.5). If 
a receiver can’t receive another 
complete byte of data until it has 


performed some other function, for 
example, servicing an internal 
interrupt, It can hold the clock line 
SCL LOW to force the transmitter 
into a wait state. Data transfer 
then continues when the receiver 
is ready for another byte of data 
and releases clock line SCL. 

In some cases, it’s permitted to 
use a different format from the 
I^C-bus format (for CBUS 
compatible devices for example). 

A message which starts with such 
an address can be terminated by 
generation of a STOP condition, 
even during the transmission of a 
byte. In this case, no acknowledge 
is generated (see section 8.1.3). 
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determined by the one with the 
shortest clock HIGH period. 

6.2 Arbitration 

A master may start a transfer only 
if the bus is free. Two or more 
masters may generate a START 
condition within the minimum hold 
time (tHD;STA) START 
condition which results In a 
defined START condition to the 
bus. 

Arbitration takes place on the 
SDA line, while the SCL line is at 
the HIGH level, in such a way that 
the master which transmits a 
HIGH level, while another master 
is transmitting a LOW level will 
switch off its DATA output stage 
because the level on the bus 
doesn’t correspond to its own 
level. 

Arbitration can continue for 
many bits. Its first stage is 
comparison of the address bits 
(addressing Information is in 
Sections 8.0 and 12.0). If the 
masters are each trying to 
address the same device, 
arbitration continues with 
comparison of the data. Because 
address and data information on 
the I^C-bus is used for arbitration, 
no information is lost during this 
process. 

A master which loses the 
arbitration can generate clock 
pulses until the end of the byte in 
which it loses the arbitration. 


If a master also incorporates a 
slave function and it loses 
arbitration during the addressing 
stage, it’s possible that the 
winning master is trying to 
address it. The losing master must 
therefore switch over immediately 
to its slave-receiver mode. 

Figure 8 shows the arbitration 
procedure for two masters. Of 
course, more may be involved 
(depending on how many masters 
are connected to the bus). The 
moment there is a difference 
between the internal data level of 
the master generating DATA 1 
and the actual level on the SDA 
line, its data output is switched off, 
which means that a HIGH output 
level Is then connected to the bus. 
This will not affect the data 
transfer Initiated by the winning 
master. Since control of the I^C- 
bus is decided solely on the 
address and data sent by 
competing masters, there is no 
central master, nor any order of 
priority on the bus. 

Special attention must be paid 
if, during a serial transfer, the 
arbitration procedure is still in 
progress at the moment when a 
repeated START condition or a 
STOP condition is transmitted to 
the I^C-bus. If it’s possible for 
such a situation to occur, the 
masters involved must send this 
repeated START condition or 
STOP condition at the same 
position in the format frame. In 
other words, arbitration isn’t 


allowed between: 

- A repeated START condition 
and a data bit 

- A STOP condition and a 
data bit 

- A repeated START condition 
and a STOP condition. 

6.3 Use of the clock 
synchronising mechanism as a 
handshake 

In addition to being used during 
the arbitration procedure, the clock 
synchronization mechanism can 
be used to enable receivers to 
cope with fast data transfers, on 
either a byte level or a bit level. 

On the byte level, a device may 
be able to receive bytes of data at 
a fast rate, but needs more time 
to store a received byle or 
prepare another byte to be 
transmitted. Slaves can then hold 
the SCL line LOW after reception 
and acknowledgement of a byte to 
force the master Into a wait state 
until the slave is ready for the next 
byte transfer in a type of 
handshake procedure. 

On the bit level, a device such 
as a microcontroller without, or 
with only a limited hardware I^C 
interface on-chip can slow down 
the bus clock by extending each 
clock LOW period. In this way, the 
speed of any master is adapted to 
the internal operating rate of this 
device. 


Transmitter 1 Loses Arbitration 
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7.0 FORMATS WITH 7-BIT 
ADDRESSES 

Data transfers follow the format 
shown in Fig.9. After the START 
condition (S), a slave address is 
sent. This address is 7 bits long 
followed by an eighth W which is 
a data direction bit (R/W) - a 
‘zero’ indicates a transmission 
(WRITE), a ‘one’ indicates a 
request for data (READ). A data 
transfer is always terminated by a 
STOP condition (P) generated by 
the master. However, if a master 
still wishes to communicate on the 
bus, it can generate a repeated 
START condition (Sr) and address 
another slave without first 
generating a STOP condition. 
Various combinations of read/write 
formats are then possible within 
such a transfer. 

Possible data transfer formats 
are: 

- Master-transmitter transmits to 
slave-receiver. The transfer 
direction is not changed 
(Fig.10). 

- Master reads slave immediately 
after first byte (Flg.11). At the 
moment of the first 
acknowledge, the master- 
transmitter becomes a master- 
receiver and the slave-receiver 
becomes a slave-transmitter. 
This acknowledge Is still 
generated by the slave. The 
STOP condition is generated by 
the master. 


3) Each byte is followed by an 
acknowledgment bit as indicated 
by the A or A blocks in the 
sequence. 

4) I^C-bus compatible devices must 
reset their bus logic on receipt of a 
START or repeated START 
condition such that they all 
anticipate the sending of a slave 
address. 


- Combined format (Fig. 12). 
During a change of direction 
within a transfer, the START 
condition and the slave address 
ar^oth repeated, but with the 
R/W bit reversed. 


NOTES: 

1) Combined formats can be used, for 
example, to control a serial 
memory. During the first data byte, 
the internal memory location has to 
be written. After the START 
condition and slave address is 
repeated, data can be transferred. 

2) All decisions on auto-increment or 
decrement of previously accessed 
memory locations etc. are taken by 
the designer of the device. 
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8.0 7-BIT ADDRESSING 
(see section 13 for 10-bit 
addressing) 

The addressing procedure for the 
PC-bus is such that the first byte 
after the START condition usually 
determines which slave will be 
selected by the master. The 
exception is the ‘general call’ 
address which can address all 
devices. When this address is 
used, all devices should, in theory, 
respond with an acknowledge. 
However, devices can be made to 
ignore this address. The second 
byte of the general call address 
then defines the action to be 
taken. This procedure is explained 
in more detail in Section 8.1.1. 

8.1 Definition of bits in the 
first byte 

The first seven bits of the first 
byte make up the slave address 
(Fig. 13). The eighth bit is the LSB 
(least significant bit). It determines 
the direction of the message. A 
‘zero’ in the least significant 
position of the first byte means 
that the master will write 
Information to a selected slave. A 
‘one’ in this position means that 
the master will read information 
from the slave. 

When an address is sent, each 
device in a system compares the 
first 7 bits after the START 
condition with its address. If they 
match, the device considers Itself 
addressed by the master as a 
slave- receiver or slave-transmitter, 
depending on the R/W bit. 

A slave address can be made- 
up of a fixed and a programmable 
part. Since It’s likely that there will 
be several identical devices in a 
system, the programmable part of 
the slave address enables the 
maximum possible number of 
such devices to be connected to 
the I^C-bus. The number of 
programmable address bits of a 
device depends on the number of 
pins available. For example, if a 


device has 4 fixed and 3 
programmable address bits, a total 
of 8 Identical devices can be 
connected to the same bus. 

The I^C-bus committee 
coordinates allocation of I^C 
addresses. Further Information can 
be obtained fom the Philips 


representatives listed on the back 
cover. Two groups of eight 
addresses (0CX)0XXX and 
1111 XXX) are reserved for the 
purposes shown in Table 2. The 
bit combination 1111 OXX of the 
slave address Is reserved for 10- 
bit addressing (see Section 13.0). 


Table 2 Definition of bits in the first byte 


Slave 

address 

R/W bit 

Description 

0000 000 

0 

General call address 

0000 000 

1 

START byte 

0000 001 

X 

CBUS address 

0000 010 

X 

Address reserved for different bus format 

0000 01 1 

X 

Reserved for future purposes 

0000 1XX 

X 

1111 1XX 

X 

1111 OXX 

X 

10-bit slave addressing 


NOTES: 

1 ) No device is allowed to 
acknowledge at the reception of the 
START byte. 

2) The CBUS address has been 
reserved to enable the inter-mixing 
of CBUS compatible and I^C-bus 
compatible devices in the same 
system. I^C-bus compatible devices 
are not allowed to respond on 
reception of this address. 


MSB 

LSB 


^ ^ ^ r ] 








Fig. 13 The first byte after the START procedure 




3) The address reserved for a different 
bus format is included to enable I^C 
and other protocols to be mixed. 
Only FC-bus compatible devices 
that can work with such formats 
and protocols are allowed to 
respond to this address. 
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8. 1. 1 General call address 

The general call address should 
be used to address every device 
connected to the I^C-bus. 

However, if a device doesn’t need 
any of the data supplied within the 
general call structure, it can ignore 
this address by not 
acknowledging. If a device does 
require data from a general call 
address, it will acknowledge this 
address and behave as a slave- 
receiver. The second and 
following bytes will be 
acknowledged by every slave- 
receiver capable of handling this 
data. A slave which cannot 
process one of these bytes must 
ignore it by not acknowledging. 
The meaning of the general call 
address is always specified in the 
second byte (Fig. 14). 

There are two cases to 
consider 

• When the least significant bit B 
is a ‘zero’. 

• When the least significant bit B 
is a ‘one’. 

When B is a ‘zero’; the second 
byte has the following definition: 

- 00000110 (H’06’). Reset and 
write programmable part of 


slave address by hardware. On 
receiving this 2-byte sequence, 
all devices designed to respond 
to the general call address will 
reset and take in the 
programmable part of their 
address. Precautions have to 
be taken to ensure that a 
device is not pulling down the 
SDA or SCL line after applying 
the supply voltage, since these 
low levels would block the bus 

- 00000100 (H’04’). Write 
programmable part of slave 
address by hardware. All 
devices which define the 
programmable part of their 
address by hardware (and 
which respond to the general 
call address) will latch this 
programmable part at the 
reception of this two byte 
sequence. The device will not 
reset. 

- 00000000 (H’OO’). This code is 
not allowed to be used as the 
second byte. 

Sequences of programming 
procedure are published in the 
appropriate device data sheets. 


The remaining codes have not 
been fixed and devices must 
ignore them. 

When B is a ‘one’; the 2-byte 
sequence is a ‘hardware general 
call’. This means that the 
sequence is transmitted by a 
hardware master device, such as 
a keyboard scanner, which cannot 
be programmed to transmit a 
desired slave address. Since a 
hardware master doesn’t know in 
advance to which device the 
message has to be transferred, it 
can only generate this hardware 
general call and its own address - 
identifying itself to the system 
(Fig-15). 

The seven bits remaining in the 
second byte contain the address 
of the hardware master. This 
address is recognised by an 
intelligent device, such as a 
microcontroller, connected to the 
bus which will then direct the 
Information from the hardware 
master. If the hardware master 
can also act as a slave, the slave 
address is identical to the master 
address. 

In some systems, an alternative 
could be that the hardware master 
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Fig. 14 General call address format 
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Fig. 15 Data transfer from a hardware master-transmitter 
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transmitter is set in the slave- 
receiver mode after the system 
reset. In this way, a system 
configuring master can tell the 
hardware master-transmitter 
(which is now in slave-receiver 
mode) to which address data must 
be sent (Fig. 16). After this 
programming procedure, the 
hardware master remains in the 
master-transmitter mode. 

8.1.2 START byte 

Microcontrollers can be connected 
to the I^C-bus in two ways. A 
microcontroller with an on-chip 
hardware I^C-bus interface can be 
programmed to be only Interrupted 
by requests from the bus. When 
the device doesn’t have such an 
interface, it must constantly 
monitor the bus via software. 
Obviously, the more times the 
microcontroller monitors, or polls, 
the bus the less time it can spend 


carrying out Its intended function. 
There Is therefore a speed 
difference between fast hardware 
devices and a relatively slow 
microcontroller which relies on 
software polling. 

In this case, data transfer can 
be preceded by a start procedure 
which is much longer than normal 
(Fig. 17). The start procedure 
consists of: 

- A START condition (S) 

- A START byte (00000001) 

- An acknowledge clock pulse 
(ACK) 

- A repeated START condition 
(Sr). 

After the START condition S has 
been transmitted by a master 
which requires bus access, the 
START byte (00000001) is 
transmitted. Another 
microcontroller can therefore 
sample the SDA line at a low 


sampling rate until one of the 
seven zeros in the START byte is 
detected. After detection of this 
LOW level on the SDA line, the 
microcontroller can switch to a 
higher sampling rate to find the 
repeated START condition Sr 
which is then used for 
synchronization. 

A hardware receiver will reset 
on receipt of the repeated START 
condition Sr and will therefore 
ignore the START byte. 

An acknowledge-related clock 
pulse Is generated after the 
START byte. This is present only 
to conform with the byte handling 
format used on the bus. No device 
is allowed to acknowledge the 
START byte. 




rn 


dummy 

acknowledge 

(HIGH) 




start byte 00000001 


MBC633 


Fig. 1 7 START byte procedure 
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8. 1.3 CBUS compatibiiity 
CBUS receivers can be connected 
to the I^C-bus. However, a third 
line called DLEN must then be 
connected and the acknowledge 
bit omitted. Normally, I^C 
transmissions are sequences of 
8-bit bytes; CBUS compatible 
devices have different formats. 

In a mixed bus structure, I^C- 
bus devices must not respond to 


the CBUS message. For this 
reason, a special CBUS address 
(0000001 X) to which no I^C-bus 
compatible device will respond, 
has been reserved. After 
transmission of the CBUS 
address, the DLEN line can be 
made active and a CBUS-format 
transmission (Fig. 18) sent. After 
the STOP condition, ail devices 
are again ready to accept data. 


Master-transmitters can send 
CBUS formats after sending the 
CBUS address. The transmission 
is ended by a STOP condition, 
recognised by all devices. 

NOTE; If the CBUS configuration is 
known, and expansion with CBUS 
compatible devices isn’t foreseen, the 
designer is allowed to adapt the hold 
time to the specific requirements of the 
device(s) used. 
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9.0 ELECTRICAL 
CHARACTERISTICS FOR l*C- 
BUS DEVICES 

The electrical specifications for the 
I/Os of I^C-bus devices and the 
characteristics of the bus lines 
connected to them are given in 
Tables 3 and 4 in Section 15. 

I^C-bus devices with fixed input 
levels of 1.6 V and 3 V can each 
have their own appropriate supply 
voltage. Pull-up resistors must be 
connected to a 5 V ± 10% supply 
(Fig. 19). I^C-bus devices with 
Input levels related to Vqq must 
have one common supply line to 
which the pull-up resistor is also 
connected (Fig.20). 

When devices with fixed input 
levels are mixed with devices with 
input levels related to Vp^, the 
latter devices must be connected 
to one common supply line of 5 V 
± 10% and must have pull-up 
resistors connected to their SDA 
and SCL pins as shown in Fig.21 . 

Input levels are defined in such 
a way that; 

- The noise margin on the LOW 
level is 0.1 Vpp 

- The noise margin on the HIGH 
level is 0.2 Vpp 

- Series resistors (Rg) of e.g. 

300 Q can be used for 
protection against high voltage 
spikes on the SDA and SCL 
line due to flash-over of a TV 
picture tube, for example 
(Fig.22). 

9.1 Maximum and minimum 
values of resistors Rp and R, 

In a standard-mode I^C-bus 
system the values of resistors Rp 
and Rg in Flg.22 depend on the 
following parameters: 

1 ) Supply voltage 

2) Bus capacitance 

3) Number of connected devices 
(input current + leakage 
current) 
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The supply voltage limits the 
minimum value of resistor due 
to the specified minimum sink 
current of 3 mA at ^ 

for the output stages. V^q as a 
function of Rp is shown in 
Fig.23. The desired noise margin 
of 0.1 Vqq for the LOW level limits 
the maximum value of Rg. Rg ^ 
as a function of Rp is shown in 
Fig-24. 

The bus capacitance is the total 
capacitance of wire, connections 
and pins. This capacitance limits 
the maximum value of Rp due to 
the specified rise time. Fig.25 
shows Rp as a function of bus 
capacitance. 

The maximum HIGH level input 
current of each input/output 
connection has a specified 
maximum value of 1 0 \iA. Due to 
the desired noise margin of 
0.2 Vdp for the HIGH level, this 
input current limits the maximum 
value of Rp. This limit depends on 
Vpp. The total HIGH level input 
current is shown as a function of 
Rp max in Fig.26. 




maximum vitua Rg (Q) 

Fig.24 Maximum value of as a function of the value of Rp with supply 
voltage as a parameter 



Fig.25 Maximum value of Rp as a function of bus capacitance for a 
standard-mode I^C-bus 



tom Ngh laval Input ouiranl (pA) 

Fig.26 Total HIGH level input current as a function of the maximum value 
of Rp with supply voltage as a parameter 
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10.0 EXTENSIONS TO THE 
I^C-BUS SPECIFICATION 

The I^C-bus with a data transfer 
rate of up to 100 kbit/s and 7-bit 
addressing has now been in 
existence for more than ten years 
with an unchanged specification. 
The concept is accepted world- 
wide as a de facto standard and 
hundreds of different types of I^C- 
bus compatible ICs are available 
from Philips and other suppliers. 
The I^C'bus specification is now 
extended with the following two 
features: 

• A fast-mode which allows a 
fourfold increase of the bit rate 
to 0 to 400 kbIt/s 

• 10-bit addressing which allows 
the use of up to 1 024 additional 
addresses. 

There are two reasons for these 
extensions to the I^C-bus 
specification: 

- New applications will need to 
transfer a larger amount of 
serial data and will therefore 
demand a higher bit rate than 
100 kbit/s. Improved 1C 
manufacturing technology now 
allows a fourfold speed 
increase without Increasing the 
manufacturing cost of the 
interface circuitry 

- Most of the 112 addresses 
available with the 7-bit 
addressing scheme have been 
Issued more than once. To 
prevent problems with the 
allocation of slave addresses 
for new devices, it is desirable 
to have more address 
combinations. About a tenfold 
increase of the number of 
available addresses is obtained 
with the new 1 0-blt addressing. 

All new devices with an I^C-bus 
interface are provided with the 
fast-mode. Preferably, they should 
be able to receive and/or transmit 
at 400 kbIt/s. The minimum 
requirement is that they can 


synchronize with a 400 kbit/s 
transfer, they can then prolong the 
LOW period of the SCL signal to 
slow down the transfer. Fast-mode 
devices must be downward- 
compatible which means that they 
must still be able to communicate 
with 0 to 100 kbit/s devices in a 0 
to 100 kbit/s I^C-bus system. 

Obviously, devices with 0 to 
100 kbit/s I^C-bus interface cannot 
be incorporated in a fast-mode 
I^C-bus system because, since 
they cannot follow the higher 
transfer rate. Unpredictable states 
of these devices would occur. 

Slave devices with a fast-mode 
I^C-bus interface can have a 7-bit 
or 1 0-bit slave address. However, 
a 7-bit address is preferred 
because It is the cheapest solution 
in hardware and it results in the 
shortest message length. Devices 
with 7-blt and 10-bit addresses 
can be mixed in the same I^C-bus 
system regardless of whether it is 
a 0 to 100 kbit/s standard-mode 
system or a 0 to 400 kbit/s fast- 
mode system. Existing and future 
masters can generate 7-bit or 10- 
bit addresses. 

11.0 FAST-MODE 

In the fast-mode of the I^C-bus, 
the protocol, format, logic levels 
and maximum capacitive load for 
the SDA and SCL lines given in 
the previous I^C-bus specification 
remain unchanged. Changes to 
the previous I^C-bus specification 
are: 

~ The maximum bit rate is 
increased to 400 kbit/s 

- Timing of the serial data (SDA) 
and serial clock (SCL) signals 
has been adapted. There Is no 
need for compatibility with other 
bus systems such as CBUS 
because they cannot operate at 
the Increased bit rate 

- The inputs of fast-mode 
devices must incorporate spike 
suppression and a Schmitt 
trigger at the SDA and SCL 


Inputs 

- The output buffers of fast-mode 
devices must incorporate slope 
control of the falling edges of 
the SDA and SCL signals 

- If the power supply to a fast- 
mode device is switched off, 
the SDA and SCL I/O pins 
must be floating so that they 
don’t obstruct the bus lines 

- The external pull-up devices 
connected to the bus lines must 
be adapted to accommodate 
the shorter maximum 
permissible rise time for the 
fast-mode I^C-bus. For bus 
loads up to 200 pF, the pull-up 
device for each bus line can be 
a resistor; for bus loads 
between 200 pF and 400 pF, 
the pull-up device can be a 
current source (3 mA max.) or 
a switched resistor circuit as 
shown in Fig.34. 

12.0 10-BIT ADDRESSING 

The 10-bit addressing does not 
change the format in the I^C-bus 
specification. Using 10 bits for 
addressing exploits the resen/ed 
combination 1111 XXX for the first 
7 bits of the first byte following a 
START (S) or repeated START 
(Sr) condition as explained in 
Section 8.1. The 10-bit addressing 
does not affect the existing 7-bit 
addressing. Devices with 7-bit and 
1 0-bit addresses can be 
connected to the same I^C-bus, 
and both 7-bit and 10-bit 
addressing can be used in a 
standard-mode system (up to 
1 00 kbit/s) or a fast-mode system 
(up to 400 kbIt/s) system. 

Although there are eight 
possible combinations of the 
reserved address bits 1111XXX, 
only the four combinations 
11110XX are used for 1 0-blt 
addressing. The remaining four 
combinations 1 1 1 1 1 XX are 
reserved for future I^C-bus 
enhancements. 
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1 1 1 1 0 X X 0 


1 

SLAVE 'ADDRESS' 
7BITS:^ 

RAV 


'slave' addr'e'ss: 

2nd BYTE ^ 

0 

DATA 

0 


DATA 

A/A 



(write) 


Fig. 27 A master-transmitter addresses a slave-receiver with a 10-bit 
address 




12.1 Definition of bits in the 
first two bytes 

The 1 0-bit slave address is 
formed from the first two bytes 
following a START condition (S) or 
a repeated START condition (Sr). 

The first 7 bits of the first byte 
are the combination 1 1 1 10XX of 
which the last two bits (XX) are 
the two most-significant bits 
(MSBs) of the 1 0-bit address; the 
eighth bit of the first byte is the 
R/W bit that determines the 
direction of the message. A ‘zero’ 
in the least significant position of 
the first byte means that the 
master will write information to a 
selected slave. A ‘one’ In this 
position means that the master will 
read Intonation from the slave. 

If R/W is ‘zero’, then the 
second byte contains the 
remaining 8 bits (XXXX:^XX) of 
the 10-bit address. If R/W is 
‘one’, then the next byte contains 
data transmitted from slave to 
master. 

12.2 Formats with 10-bit 
addresses 

Various combinations of read/write 
formats are possible within a 
transfer that includes 10-bit 
addressing. Possible data transfer 
formats are; 

- Master-transmitter transmits 
to slave-receiver with a 10-bit 
slave address. The transfer 
direction is not changed 
(Fig.27). When a 10-bit 
address follows a START 
condition, each slave compares 
the first 7 bits of the first byte 
of the slave address (1 1 1 10XX) 
with its own addre^and tests 
if the eighth bit (R/W direction 
bit) is 0. It is possible that more 
than one device will find a 
match and generate an 
acknowledge (A1). All slaves 
that found a match will 
compare the 8 bits of the 
second byte of the slave 
address (XXXXXXXX) with their 


own addresses, but only one 
slave will find a match and 
generate an acknowledge (A2). 
The matching slave will remain 
addressed by the master until it 
receives a STOP condition (P) 
or a repeated START condition 
(Sr) followed by a different 
slave address. 


- Master-receiver reads slave- 
transmitter with a 10-bit slave 
address. The transfer 
direction i^hanged after the 
second R/W bit (Fig.28). Up 
to and including acknowledge 
bit A2, the procedure is the 
same as that described above 
for a master-transmitter 
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1 1 1 1 0 X X 0 


‘ mmpi' Bn * i 


^ 

( 1 1 1 1 0 X X 0 


* Bi * 1 


(oiliM) 

imotn 

Fig.30 Combined format. A master transmits data to two slaves, both with 
10-bit addresses 



addressing a slave-receiver. 
After the repeated START 
condition (Sr), a matching slave 
remembers that it was 
addressed before. This slave 
then checks if the first 7 bits of 
the first byte of the slave 
address following Sr are the 
same as before after the 
START conditionJS), and tests 
if the eighth (R/W) bit is 1. If 
there is a match, the slave 
considers that it has been 
addressed as a transmitter and 
generates ac)<nowledge A3. 

The slave-transmitter remains 
addressed until It receives a 
STOP condition (P) or until it 
receives another repeated 
START condition (Sr) followed 
by a different slave address. 
After Sr, all the other slave 


devices will also compare the 
first 7 bits of the first byte of 
the slave address (11110XX) 
with their own addresses and 
test the eighth (R/W) bit. 
However, none of thern_will be 
addressed because R/W = 1 
(for 10-bit devices), or the 
1 1 110XX slave address (for 7- 
bit devices) does not match) 

- Combined format. A master 
transmits data to a slave and 
then reads data from the 
same slave (Fig.29). The 
same master occupies the bus 
all the time. The transfer 
direction is changed after the 
second R/W bit 

- Combined format. A master 
transmits data to one slave 
and then transmits data to 
another slave (Fig.30). The 


master occupies the bus all the 
time 

- Combined format. 10-bit and 
7-bit addressing combined in 
one serial transfer (Fig.31). 
After each START condition 
(S), or each repeated START 
condition (Sr), a 10-bit or 7-bit 
slave address can be 
transmitted. Figure 30 shows 
how a master-transmits data to 
a slave with a 7-bit address 
and then transmits data to a 
slave with a 10-bit address. 

The same master occupies the 
bus all the time. 

NOTES: 

1 ) Combined formats can be used, for 
example, to control a serial 
memory. During the first data byte, 
the internal memory location has to 
be written. After the START 
condition and slave address is 
repeated, data can be transferred. 

2) All decisions on auto-increment or 
decrement of previously accessed 
memory locations etc. are taken by 
the designer of the device. 

3) Each byte is followed by an 
acknowledgement bit as indicated 
by the A or A blocks in the 
sequence. 

4) Pc-bus compatible devices must 
reset their bus logic on receipt of a 
START or repeated START 
condition such that fhey all 
anticipate the sending of a slave 
address. 

13.0 GENERAL CALL 
ADDRESS AND START BYTE 

The 10-bit addresi^ing procedure 
tor the I^C-bus is such that the 
first two bytes after the START 
condition (S) usually determine 
which slave will be selected by the 
master. The exception is the 
‘general call’ address 00000000 
(H‘00’). Slave devices with 10-bit 
addressing will react to a ‘general 
call’ in the same way as slave 
devices with 7-bit addressing (see 
Section 8.1.1). 

Hardware masters can transmit 
their 10-bit address after a 
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‘general call’. In this case, the 
‘general call’ address byte is 
followed by two successive bytes 
containing the 10-bit address of 
the master-transmitter. The format 
is as shown in Fig. 15 where the 
first DATA byte contains the eight 
least-significant bits of the master 
address. 

The START byte 00000001 
(H‘01’) can precede the 10-bit 
addressing in the same way as for 
7-bit addressing (see Section 
8 . 1 . 2 ). 


14.0 APPLICATION 
INFORMATION FOR FAST- 
MODE I^C-BUS DEVICES 

14.1 Output stage with slope 
control 

The electrical specifications for the 
I/Os of I^C-bus devices and the 
characteristics of the bus lines 
connected to them are given In 
Tables 3 and 4 in Section 15. 

Figures 32 and 33 show 
examples of output stages with 
slope control in CMOS and bipolar 
technology. The slope of the 
falling edge is defined by a Miller 
capacitor (Cl) and a resistor (R1). 
The typical values for C1 and R1 
are indicated on the diagrams. 

The wide tolerance for output fall 
time tQp given in Table 3 means 
that the design is not critical. The 
fall time is only slightly influenced 
by the external bus load (C^,) and 
external pull-up resistor (Rp). 
However, the rise time (tp) 
specified in Table 4 is mainly 
determined by the bus load 
capacitance and the value of the 
pull-up resistor. 

14.2 Switched pull-up circuit 

The supply voltage (Vq^) and the 
maximum output LOW level 
determine the minimum value of 
pull-up resistor Rp (see Section 
9.1). For example, with a supply 
voltage of = 5 V ±10% and 
VoLmax. = 0-4 V at 3 mA, Rp„|„ 

= (5.5 - 0.4)/0.003 = 1.7 kD. As 
shown in Fig.35, this value of Rp 
limits the maximum bus 
capacitance to about 200 pF to 
meet the maximum tp requirement 
of 300 ns. If the bus has a higher 
capacitance than this, a switched 
pull-up circuit as shown in Fig.34 
can be used. 

The switched pull-up circuit in 
Fig.34 is for a supply voltage of 
Vqd = 5 V ± 1 0 % and a 
maximum capacitive load of 
400 pF. Since it is controlled by 
the bus levels. It needs no 
additional control signals. During 


the rising/falling edges, the 
bilateral switch in the HCT4066 
switches pull-up resistor Rp2 on/off 
at bus levels between 0.8 V and 
2.0 V. Combined resistors Rp1 
and Rp2 can pull-up the bus line 
within the maximum specified rise 
time (tp) of 300 ns. The maximum 
sink current for the driving I^C-bus 
device will not exceed 6 mA at 
^OL2 = 0.6 V, and 3 mA at Vql^ 

= 0.4 V. 

Series resistors R^ are optional. 
They protect the I/O stages of the 
I^C-bus devices from high-voltage 
spikes on the bus lines, and 
minimize crosstalk and undershoot 
of the bus line signals. The 
maximum value of Rg is 
determined by the maximum 
permitted voltage drop across this 
resistor when the bus line is 
switched to the LOW level in order 
to switch off Rp2. 

14.3 Wiring pattern of the 
bus lines 

In general, the wiring must be so 
chosen that crosstalk and 
interference to/from the bus lines 
is minimized. The bus lines are 
most susceptible to crosstalk and 
interference at the HIGH level 
because of the relatively high 
impedance of the pull-up devices. 

If the length of the bus lines on 
a PCB or ribbon cable exceeds 
1 0 cm and includes the and 
Vgg lines, the wiring pattern must 
be: 

SDA 

Vqd 

Vss 

SCL 


If only the Vgg line is included, 
the wiring pattern must be: 

SDA 

Vss 

SCL 
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Fig.32 Slope-controlled output stage in CMOS technology 



Fig.33 Slope-controlled output stage in bipolar technology 



FAST - MODE I^C BUS DEVICES 
Fig.34 Switched pull-up circuit 


maximum 

valuaRp 

(kQ) 



0 I I 1 I I I I I I 

0 100 200 300 400 

bus capadtanca (pF) 


Fig.35 Maximum value of as a function of bus capacitance for meeting 
the tp^g^ requirement fora fast-mode I^C-bus 


These wiring patterns also 
result in identical capacitive loads 
for the SDA and SCL lines. The 
Vgg and VpQ lines can be omitted 
if a PCB with a Vgg and/or 
layer is used. 

If the bus lines are twisted- 
pairs, each bus line must be 
twisted with a ^ss return. 
Alternatively, the SCL line can be 
twisted with a Vss return, and the 
SDA line twisted with a Vp^ 
return. In the latter case, 
capacitors must be used to 
decouple the Vpp line to the Vgg 
line at both ends of the twisted 
pairs. 

If the bus lines are shielded 
(shield connected to Vgg), 
interference will be minimized. The 
shielded cable must have low 
capacitive coupling between the 
SDA and SCL lines to minimize 
crosstalk. 

14.4 Maximum and minimum 
values of resistors Rp and R, 

The maximum and minimum 
values for resistors R_ and R* 

p p ® 

connected to a fast-mode rC-bus 
can be determined from Fig.23, 24 
and 26 In Section 9.1. Because a 
fast-mode I^C-bus has faster rise 
times (tp) the maximum value of 
Rp as a function of bus 
capacitance is less than that 
shown in Fig.25 The replacement 
graph for Fig.25 showing the 
maximum value of Rp as a 
function of bus capacitance (C^,) 
for a fast mode I^C-bus Is given in 
Flg.35. 
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15.0 ELECTRICAL 
SPECIFICATIONS AND 
TIMING FOR I/O STAGES 
AND BUS LINES 

The I/O levels, I/O current, spike 
suppression, output slope control 
and pin capacitance for I^C-bus 
devices are given in Table 3. The 
I^C-bus timing is given in Table 4. 
Figure 36 shows the timing 
definitions for the I^C-bus. 

The noise margin for levels on 


the bus lines for fast-mode 
devices are the same as those 
specified in Section 9.0 for 
standard-mode I^C-bus devices. 

The minimum HIGH and LOW 
periods of the SCL clock specified 
In Table 4 determine the 
maximum bit transfer rates of 
100 kbit/s for standard-mode 
devices and 400 kbit/s for fast 
mode devices. Standard-mode 
and fast-mode I^C-bus devices 


must be able to follow transfers at 
their own maximum bit rates, 
either by being able to transmit or 
receive at that speed or by 
applying the clock synchronization 
procedure described in Section 6 
which will force the master into a 
wait state and stretch the LOW 
period of the SCL signal. Of 
course, In the latter case the bit 
transfer rate is reduced. 


Table 3 Characteristics of the SDA and SCL I/O stages for i^C-bus devices 


Parameter 

Symbol 

Standard-mode devices 

fast-mode devices 

Unit 

Min. 

Max. 

Min. 

Max. 



LOW level input voltage: 
fixed input levels 

V|i 

-0.5 

1.5 

-0.5 

1.5 

V 

Vpp-related input levels 


-0.5 

0.3Vdd 

-0.5 



HIGH level input voltage: 
fixed input levels 

V,H 

3.0 

*1) 

3.0 

.1) 

V 

Vptj-related input levels 


O-TVdd 

*1) 

o.tv^d 

*1) 


Hysteresis of Schmitt trigger inputs: 
fixed input levels 

V 

n/a 

n/a 

0.2 


V 

VfjQ-related input levels 


n/a 

n/a 

O.OSVoD 

- 


Pulse width of spikes which must be 
suppressed by the input filter 


n/a 

n/a 

0 

50 

ns 

LOW level output voltage (open drain or 
open collector): 

at 3 mA sink current 

'^OLI 

0 

0.4 

0 

0.4 

V 

at 6 mA sink current 

VoL2 

n/a 

n/a 

0 

0.6 


Output fall time from V|„ to V,Lmax with 
a bus capacitance from 10 pF to 400 pF: 
with up to 3 mA sink current at Vqli 

k)F 


250^) 

20 + 0.1Ct,^> 

250 

ns 

with up to 6 mA sink current at Vql 2 


n/a 

n/a 

20 + 0.1Cb^> 

250®) 


Input current each I/O pin with an input 
voltage between 0.4 V and 0.9 Vqq 

li 

-10 

10 

-10®^ 

10®) 

jiA 

Capacitance for each I/O pin 

Ci 

- 

10 

- 

10 

pF 


n/a - not applicable 

maximumV,H = +0.5V 


= capacitance of one bus line in pF. Note that the maximum tp for the SDA and SCL bus lines 
quoted in Table 4 (300 ns) is longer than the specified maximum top for the output stages (250 ns). 
This allows series protection resistors (Rs)to be connected between the SDA/SCL pins and the 
SD/VSCL bus lines as shown in Fig.34 without exceeding the maximum specified tp. 

I/O pins of fast-mode devices must not obstruct the SDA and SCL lines if Vqq is switched off. 
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Table 4 Characteristics of the SDA and SCL bus lines for I^C-bus devices 


Parameter 

Symbol 

Standard-mode 

I^C-bus 

Fast-mode 

I^C-bus 

Unit 

Min. 

Max. 

Min. 

Max. 

SCL dock frequency 

^SCL 

0 

100 

0 

400 

kHz 

Bus free time between a STOP and START condition 

^UF 

4.7 

- 

1.3 


ps 

Hold time (repeated) START condition. After this period, 
the first clock pulse is generated 

^D:STA 

4.0 

* 

0.6 

- 

ps 

LOW period of the SCL clock 

k.ow 

4.7 

• 

1.3 

- 

ps 

HIGH period of the SCL clock 

^IGH 

4.0 

- 

0.6 

• 

ps 

Set-up time for a repeated START condition 

^U;STA 

4.7 

- 

0.6 

* 

ps 

Data hold time: 

for CBUS compatible masters (see NOTE, Section 8.1.3) 
for I^C-bus devices 

VhD;DAT 

5.0 

0^> 

- 

0^> 

0.9^) 

ps 

ps 

Data set-up time 

^SU;DAT 

250 

- 

100®^ 

- 

ns 

Rise time of both SDA and SCL signals 


■ 

1000 

20 + 
O.IC,'" 

300 

ns 

Fall time of both SDA and SCL signals 

V 

* 

300 

20 + 
o.ic,-" 

300 

ns 

Set-up time for STOP condition 

^SU;STO 

4.0 

- 

0.6 

- 

ps 

Capacitive load for each bus line 


- 

400 

- 

400 

pF 


All values referred to and levels (see Table 3). 

A device must internally provide a hold time of at least 300 ns for the SDA signal (referred to the of the SCL signal) in 

order to bridge the undefined region of the falling edge of SCL. 

^^The maximum t^Q qat has only to be met if the device does not stretch the LOW period (tLow) signal. 

A fast-mode I^C-bus device can be used in a standard-mode I^C-bus system, but the requirement tsu dat 
be met. This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If such a device does 
stretch the LOW period of the SCL signal, it must output the next data bit to the SDA line tp, -t- = 1 000 + 250 = 1250 ns 

(according to the standard-mode I^C-bus specification) before the SCL line is released. 

Cj, = total capacitance of one bus line in pF. 



Fig.36 Definition of timing on the t^C-bus 
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GENERAL PURPOSE ICs 
LCD Drivers 

PCF8566 96-segment LCD driver 

1:1 - 1:4 Mux rates 

PCF8568 LCD row driver for dot 

matrix displays 

PCF8569 LCD Column driver for dot 

matrix displays 

PCF8576 1 60-segment LCD driver 

1 :1 - 1 :4 Mux rates 

PCF8577C 64-segment LCD driver 

1:1 - 1:2 Mux Rates 

PCF8578/79 Row/column LCD 

dot-matrix driver/display 
1 :8 - 1 :32 Mux rates 

SAA1064 4-digit LED driver 

I/O Expanders 

PCF8574/A 8-bit remote I/O port 

(I^C-bus to parallel 
converter) 

PCD8584 8-bit parallel to |2C 

converter 

SAA1300 5-bit high-current driver 

Data Converters 

PCF8591 4-channel, 8-bit Mux ADC + 

one DAC 

TDA8442 Quad 6-bit DAC 

TDA8444 Octal 6-bit DAC 

Memory 

PCF8570/C 256-byte static RAM 

PCF8571 1 28-byte static RAM 

PCF8581 1 28-byte EEPROM 

PC.8582 256 byte EEPROM 

PCF8583 256-byte 

RAM/clock/calendar 

PCF8594 512-byte EEPROM 

PCF8598 1 K-byte EEPROM 

Clocks/Calendars 

PCF8573 Clock/calendar 

PCF8583 Clock/calendar/ 

256-byte RAM 

68000-Based CMOS 
Microcontrollers 

68070 68000 CPU/MMU/UART/ 

DMA/timer 

93CXXX UST/|2c/34k ROM/ 

512 RAM 


80C51 -Based CMOS 
Microcontrollers* 


8XCL410 

4k ROM/1 28 RAM, low 
power 

8XC528 

32k ROM/512 RAM, T2, 
WD 

8XC552 

256-byte RAM/8k ROM/ 
ADC/UART/PWM 

8XC652 

256-byte RAM/8k ROM, 
UART 

8XC654 

256-byte RAM/1 6kROM, 
UART 

8XC751 

64-byte RAM/2k ROM 

8XC752 

64-byte RAM/2k ROM, 
ADC/PWM 


8048 Instruction-Set Based CMOS 
Microcontrollers 


PCF84C00 

256-byte RAM/bond-out 
version for prototype 
development 

PCF84C21 

64-byte RAM/2k ROM 

PCF84C41 

128-byte RAM/2k ROM 

PCF84C81 

256-byte RAM/8k ROM 

PCF84C85 

256-byte RAM/8k ROM/ 
Extended I/O 

PCF84C430 

128-byte RAM/4k ROM/ 
96-segment LCD driver 

MULTIMEDIA ICs 

Desktop Videos 

SAA7151B 

8-bit digital multistandard 
TV decoder 

SAA7152 

Digital comb filter 

SAA7157 

Clock signal generation 
circuit for digital video 
systems: for use with 
SAA71XX 

SAA7165 

Video enhancement and 
D/A processor including 
digital CTI 

SAA7186 

Digital video scaler 

SAA7191 

Digital multistandard TV 
decoder, square pixel 

SAA7191B 

S/\A7191 variant 

SAA7192A 

Digital colour space 
converter with independent 
LHT 

SAA7199B 

digital multistandard 
encoder 

SAA9051 

Digital multistandard 
(PAL/NTSC) colour 
decoder 

SAA9056 

Digital SECAM colour 
decoder 


SAA9057B Clock signal generation 

circuit for digital video 
systems; for use with 
SAA90XX 

SAA9065 Video enhancement and 

D/A processor 

TDA4680 Video processor 

TDA8440 Video/audio switch 

Video/Rad lo/Aud io 

SAA5243 Enhanced Computer 

Controlled Teletext (ECCT) 
decoder 

SAA5244 Single-chip teletext decoder 

SAA5245 Enhanced Computer 

Controlled Teletext 
(USECCT) decoder 

SAA5246 Integrated video processor 

(VIP) and teletext (IVT) 
circuit 

SAA5247 Up to 5 1 2-page teletext 

decoder 

SAA5248 Integrated teletext decoder 

and VPS slicer 

SAA5260 32-page teletext decoder 

with OSD features 

SAA7158 Line frequency processor 

and DAC circuit 
SAA7280 NICAM decoder 

SAA7282 2nd. generation NICAM 

decoder 

SAA9041 Digital video teletext 

(DVTB) processor 

SAA9042 Digital video teletext 

(DVTB) processor 

SAB3035/36/37 Digital tuning circuits for 
computer-controlled TV 
SAB9070 Picture-in-picture processor 

SAF11 35 Dataline 1 6 decoder for 

VCR 

TDA1551Q 2 X 22W BTL audio power 

amp with diagnostic 

TDA4670 Picture signal improvement 

circuit 

TDA4671 Picture signal improvement 

circuit 

TDA4681 Video processor with 

automatic cut-off and white 
level control 

TDA4685 Video processor 

TDA4686 Video processor ( 1 00 Hz) 

TDA4687 Video processor 

TDA8415/17 Stereo/dual sound 

processor 

TDA8421 Audio processor with a 

loudspeaker channel and a 
headphone channel 

TDA8425 Audio processor with a 

loudspeaker channel only 
TDA8426 Hi-fi stereo audio processor 
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Video/Radio/Audio (Continued) 


TDA8540 

4x4 video switch matrix 

TDA9140 

Alignment-free 
multistandard decoder 

TEA6320 

4 input Tone/volume 
controller with fader control 

TEA6330 

Tone/volume controller 

TSA6060 

A/M Frequency Synthesizer 
for RDS. 

SAA9041 

Digital video teletext 
(DVTB) processor 

SAB3035/36/37 

Digital tuning circuits for 
computer-controlled TV 

SAF1135 

Dataline 16 decoder for 

VCR 

TDA1551Q 

2 X 22W Audio Power Amp 

TDA4670 

Picture signal improvement 
circuit 

TDA6360 

5 Band Equalizer 

TDA8415/17 

Stereo/dual sound 
processor 

TDA8421 

Audio processor with 
a loudspeaker channel and 
a headphone channel 


TDA8425 

Audio processor witfi a 
loudspeaker channel only 

TDA8433 

Deflection processor 

TDA8442 

interface for color decoders 

TDA8443/A 

YUV/RGB matrix switch 

TDA8461 

PAL/NTSC color decoder 
and RGB processor 

TDA8466 

PAL/NTSC color decoder 
and RGB processor 

TDA9150 

Deflection processor 

TEA6100 

FM/IF and digital tuning 1C 
for computer-controlled 
radio 

TEA6300 

Sound fader control and 
preamplifier/source selector 
for car radio 

TEA6310T 

Sound fader control with 
tone and volume control for 
car radio 

TSA5511/12/14 

PLL frequency synthesizer 
for TV 

TSA6057 

PLL frequency synthesizer 
for radio 


Telecom 


NE5750/51 

Audio processor pair 

NE5752 

3 V 5750 variant (samples 
Q4 92) 

NE5753 

3 V 5751 variant (samples 
Q4 92) 

PCD3311/12 

Tone generator 
( DTM F/modem/m usical) 

PCD3341 

Advanced 10 to 

110-number repertory dialer 
with LCD control 

PCD3343 

Microcontroller with 

224-byte RAM/3k ROM 

PCD3348 

Microcontroller with 

256-byte RAM/8k ROM 

UMA1000T 

Data processor for mobile 
telephones 

UMA1014T 

1 GHz frequency 
synthesizer for mobile 
telephones 

UMF1009 

Frequency synthesizer 


* Also available with extended temperature ranges. 

FOR FURTHER INFORMATION ON THESE DEVICES, REFER TO I^C-PERIPH£RALS FOR MICROCONTROLLERS DATA HANDBOOK, 
AVAILABLE FROM YOUR LOCAL PHILIPS SEMICONDUCTORS SALES OFFICE (SEE SECTION 9 OF THIS BOOK). 
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DESCRIPTION 

The 82B715 is a bipolar integrated circuit 
intended for application in I^C bus systems. 

While retaining all the operating modes and 
features of the I^C system it permits 
extension of the practical separation distance 
between components on the I^C bus by 
buffering both the data (SDA) and the clock 
(SCL) lines. 

The I^C bus capadtance limit of 4CX)pF 
restricts practical communication distances to 
a few meters. Using one 82B715 at each end 
of longer cables reduces the cable loading 
capacitance on the I^C bus by a factor of 10 
times and may allow the use of low cost 
general purpose wiring to extend bus lengths. 


FEATURES 

• Dual, bi-directional, unity voltage gain 
buffer 

• I^C bus compatible 

• Logic signal levels may include both supply 
and ground 

• X10 impedance transformation 

• Wide supply voltage range 


PIN CONFIGURATIONS 


N.C. jT 


U Vcc 

Lx [I 


U Ly 

Sx H 


U Sy 

GND (T 


T] N.C. 


S-Pin Dual In-Line or SO 
82B715 


PINNING 


1 

N.C. 


2 

Lx 

Buffered Bus, LDA or LCL 

3 

Sx 

|2C Bus, SDA or SCL 

4 

GND 

Negative Supply 

5 

N.C. 


6 

Sy 

I^C Bus, SCL or SDA 

7 

Ly 

Buffered Bus, LCL or LDA 

8 

Vcc 

Positive Supply 


QUICK REFERENCE DATA 


SYMBOL 

PARAMETER 

LIMITS 

UNIT 

MIN. 

TYP. 

MAX. 

Vcc 

Supply voltage 

4.5 


12 

V 

•cc 

Quiescent current 


16 


mA 

hine 

Output sink capability 

30 



mA 

Via 

Input voltage range 

0 


Vcc 

V 

Vout 

Output voltage range 

0 


Vcc 

V 

2in/Zout 

Impedance transformation 

8 

10 

13 


Tamb 

Temperature range 

^0 


+85 

°C 


ORDERING INFORMATION 


DESCRIPTION 

ORDER CODE 

DRAWING NUMBER 

8-Pin Plastic Dual In-Line (N/P) Package 

P82B715PN 

SOT97 

8-Pin Plastic SOL (Small Outline Large) Dual In-Line (D/T) Package 

P82B715TD 

SOT96A 

82B71 5 is available in chip form j 
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FUNCTIONAL DESCRIPTION 

The 82B715 bipolar integrated circuit 
contains two identical buffer circuits which 
enable I^C and similar bus systems to be 
extended over long distances without 
degradation of system performance or 
requiring the use of special cables. 

The buffer has an effective current gain of ten 
from I^C bus to Buffered bus. Whatever 
current is flowing out of the I^C bus side, ten 
times that current will be flowing into the 
Buffered bus side (see Figure 2). 

As a consequence of this amplification the 
system is able to drive capacitive loads up to 
ten times the standard limit on the Buffered 
bus side. This current based buffering 


approach preserves the bi-directional, 
open-collector/open-drain characteristic of the 
|2C SDA/SCL lines. 

To minimize interference and ensure stability, 
current rise and fall rates are internally 
controlled. 

APPLICATION NOTES 

By using two (or more) 82B715 ICs, a 
sub-system can be built which retains the 
interface characteristics of an l^ device so 
that it may be included in, or optionally added 
to, any I^C or related system. 

The sub-system features a low impedance or 
“Buffered" bus, capable of driving large wiring 
capacities (see Figure 3). 


|2C Systems 

As with the standard I^C system, pull-up 
resistors are required to aprovide the logic 
HIGH levels on the Buffered bus. (Standard 
open-collector configuration of the I^C bus). 
The size and number of these pull-up 
resistors depends on the system. 

If the buffer is to be permanently connected 
into the system, the circuit should be 
configured with only one pull-up resistor on 
the Buffered bus and none on the I^C bus. 

Alternatively a buffer may be connected to an 
existing I^C system. In this case the Buffered 
bus pull-up will act in parallel with the l% bus 
pull-up. 
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1 

SDA ‘P 

1 

"1— li5> 
1 

1 

SCL A 

-1— 


I 



LONG 

CABLE 

<J=> 


STANDARD BUFFERED 

|2c INTERFACE 

INTERFACE 


I 


I 

I 


I 

I 


82B715 


I 1 I r 



I 1 I L 


BUFFERED STANDARD 

INTERFACE |2c 

INTERFACE 


1 


I^C 

DEVICE 



Figure 3. Minimum Sub-System with 82B715 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (lEC 134). 
Voltages with respect to pin GND (DIL-8 pin 4). 


HHH 

PARAMETER 

LIMITS 

UNIT 

MIN. 



Supply voltage range Vcc 

-0.3 

+12 

V 

Vbus 

Voltage range I^C Bus, SCL or SDA 

0 

Vcc 

V 

Vbuff 

Voltage range Buffered Bus 

0 

Vcc 

V 

1 

DC current (any pin) 


60 

mA 

Plot 

Power dissipation 


300 

mW 

Tstg 

Storage temperature range 

-55 

+125 

“C 

Tamb 

Operating ambient temperature range 

-40 

+85 



CHARACTERISTICS 

At Tamb = +25°C and Vcc = 5 Volts, unless otherwise specified 




LIMITS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Power Supply | 

Vcc 

Supply voltage (operating) 

4.5 

— 

12 

V 

'cc 

Supply current 

— 

16 

— 

mA 

Icc 

Supply current at Vcc = 12V 

— 

22 

_ 

mA 

•cc 

Supply current, both I^C inputs LOW, 
both buffered outputs sinking 30mA. 

— 

28 

— 

mA 

Drive Currents | 


Output sink on I^C bus 

Vsx. Vsy LOW = 0.4V 

Vlx. VLy LOW on Buffered bus = 0.3V 

3 



mA 

•lx. Ily 

Output sink on Buffered bus 

Vlx. Vty LOW = 0.4V 

Vsx, Vsy LOW on I^C bus = 0.3V 

30 





mA 

Input Currents | 

•sx. Isy 

Input current from FC bus when 

•lx. Iiy sink on Buffered bus = 30mA 

— 

— 

3 

mA 

•lx. iLy 

Input current from Buffered bus when 

•sx. Isy sink on I^C bus = 3mA 

— 

— 

3 

mA 

•lx. Ily 

Leakage current on Buffered bus 

Vlx. VLy = Vcc. and Vsx, Vsy = Vcc 

— 

— 

200 

pA 

Impedance Transformation | 

Zin/Zout 

Input/Output impedance 

8 

10 

13 

□ 
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Pull-Up Resistance Calculation 

In calculating the pull-up resistance values, 
the gain of the buffer introduces scaling 
factors which must be applied to the system 
components. Viewing the system from the 
Buffered bus, all I^C bus capacitances have 
effectively 10 times their I^C bus value. 

In practical systems the pull-up resistance is 
determined by the rise time limit for I^C 
systems. As an approximation this limit will 
be satisfied if the time constant (product of 
the net resistance and net capacitance) of the 
total system is set to 1 microsecond. 

The total time constant may either be set by 
considering each bus node individually (i.e., 
the I^C nodes, and the Buffered bus node) 
and choosing pull-up resistors to give time 
constants of 1 microsecond for each node; or 
by combining the capacitances into an 
equivalent capacitive loading on the Buffered 
bus, and calculating the Buffered bus pull-up 
resistor required by this equivalent 
capacitance. 

For each separate bus the pull-up resistor 
may be calculated as follows: 

1/<sec 

Cdevics + ^wiring 

Where: Cdevice = sum of device capacitances 
connected to each bus. 


and Cwiring = total wiring and stray 
capadtance on each bus. 

If these capacitances are not known then a 
good approximation Is to assume that each 
device presents lOpF of load capacitance 
and 1 0pF of wiring capacitance. 

The capadtance figures for one or more 
individual I^C bus nodes should be multiplied 
by a factor of 10 times, and then added to the 
Buffered bus capadtance. Calculation of a 
new Buffered bus pull-up resistor will alllow 
this single pull-up resistor to act for both the 
included I^C bus nodes and the Buffered bus. 
Thus it is possible to combine some or all of 
these separate pull-up resistors into a single 
resistor on the Buffered bus (the value of 
which is calculated from the sum of the 
scaled capacitances on the Buffered bus). If 
the buffer is to be permanently connected into 
the system then ail the separate pull-up 
resistors should be combined. But if It Is to be 
connected by adding It onto an existing 
system, then only those on the additional I^C 
bus system can be combined onto the 
Buffered bus if the original system is required 
to be able to still operate on a stand-alone 
basis. 

A further restriction is that the maximum 
pull-up current, with the bus LOW, should not 


exceed the I^C bus specification maximum of 
3mA, or 30mA on the Buffered bus. The 
following formula applies: 

Vpp-o 4 
30mA > ■ 

Rp 

Where: Rp = scaled parallel combination of 
all pull-up resistors. 

if this condition is met, the fall time 
specifications will also be met. 

Figure 4 shows typical loading calculations 
for the expanded PC bus. 

Sx, Sy, Pc Bus, SDA or SCL 

Because the two buffer circuits In the 82B715 
are identical either input pin can be used as 
the I^C Bus SDA data line, or the SCL clock 
line. 

Lx, Ly, Buffered Bus, LDA or LCL 

On the buffered low Impedance line side, the 
corresponding output becomes LDA and LCL. 

Vcc» GND — Positive and 
Negative Supply Pins 

In normal use the power supply voltages at 
each end of the low impedance line should be 
comparable. If these differ by a significant 
amount, noise margin is sacrificed. 


December 9. 1992 


160 





Philips Semiconductors Microcontroller Products 


Preliminary specification 


I^C bus extender 


82B715 



EFFECTIVE CAPACITANCE 
NEAR I^C DEVICES 


2 X |2c Devices 

20pF 

Strays 

20pF 

82B715 Buffer 

lOpF 

TOTAL CAP. 

50pF 


EFFECTIVE CAPACITANCE 
BUFFERED UNE 


Wiring Cap. 

3000pF 

TOTAL CAP. 

3000pF 


EFFECTIVE CAPACITANCE 
REMOTE |2C DEVICES 


1 X I^C Devices 

lOpF 

Strays 

lOpF 

82B715 Buffer 

10pF 

TOTAL CAP. 

30pF 


I^C pull-up 


Buffered Bus pull-up 


I^C pull-up 


R1 


1;<sec 

50pF 


= 20KQ 


R2 = 


\li sec 

aooopF 


= 3330 


R3 = 


1;<sec 

30pF 


= 33KO 


AS AN ADDITION TO AN EXISTING SYSTEM * : 

R1 = 20KO 


R2X0.1R3 
~ R2+ 0.1R3 


= 3000 


R3 not required since 
buffer always connected 


FOR A PERMANENT SYSTEM * : 

R1 not required since pp, _ 0.1 R1 x R2 x 0.1 R3 _ pgQQ R3 not required since 

buffer always connected “ 0. 1 R1 + R2 + 0. 1 R3 ~ buffer always connected 

*NOTE: 

R1 , R2 and R3 are calculated from the capacitive loading and a 1 psec time constant on each bus node. For an addition to an existing 
system, R2’ (the new value for R2) is shown as being calculated from the parallel combination of R2 and the scaled value of R3; while 
for a permanent system R2, and scaled values of R1 and R3 have been used. Note that this example has used scaled resistor values 
and combined the node and cable capacitances. 


CHECK FOR MAXIMUM PULL-UP CURRENT: 


{5-0.4)V 

2600 


17.6mA < 30mA 


Figure 4. Typical Loading Calculation: I^C Bus with 82B715 
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INTRODUCTION 

ACCESS.bus™ (a BUS for connecting 
ACCESSory devices to a host system) is a 
peripheral interconnect system defined and 
developed by Digital Equipment Corporation 
and offered to the computer industry as an 
open standard. 

This overview aims to introduce the 
prospective developer of ACCESS.bus 
systems or peripherals to the essential 
technical features of this interconnect. It is 
meant to be a general technical overview of 
the ACCESS.bus architecture. Under no 
circumstances should it be used as the basis 
for designing any device or system. 
Developers wishing to design a host system 
or peripheral device that implements 
ACCESS.bus should refer to the 
ACCESS.bus Hardware and Protocol 
Specifications Version 2.0, July 1992, 
available from the ACCESS.bus Industry 
Group, Digital’s TRI/ADD Program, or Philips. 
Addresses and other information on support 
may be found in Section 6. 

What is ACCESS.bus? 

ACCESS.bus is a system for connecting a 
number of relatively low-speed I/O devices to 
a host computer, typically a desktop system, 
such as a workstation, personal computer, or 
terminal. Devices include both interactive 
peripherals - keyboards, locators, hand-held 


scanners, bar code readers, and magnetic 
card readers - and non-interactive 
peripherals - printers, and in realtime control 
applications, signal transducers. Further, the 
ACCESS.bus protocol is general enough to 
accommodate a wide range of unusual 
peripheral types such as data gloves (see 
Figure 1). 

ACCESS.bus has a bus topology 
architecture. That is, a single ACCESS.bus 
on a host can accommodate up to 1 25 
peripheral devices. The total length of the 
cable connecting the devices on a common 
ACCESS.bus may be up to eight meters. 

The limiting factors are capacitance, which 
may not exceed 800pF, and the maximum 
voltage drop, which must allow maintenance 
of +5V ±10%. Using an I^C bus extender that 
maximum distance may be lengthened. 
ACCESS.bus supports a maximum 
aggregate data throughput of approximately 
80 Kbits/sec. 

Ditital has made the ACCESS.bus technology 
an open specification, enabling any vendor to 
implement it on host systems or in peripheral 
devicers without fee or royalty. 

ACCESS.BUS offers a number of 
advantages both to end users and to the 
developers of systems and peripheral 
devices. A host computer needs only one 


hardware port to connect to a number of 
devices. The commonality in communication 
methods for a number of device types leads 
to economies in software and hardware 
development. As an open industry standard, 
ACCESS.bus will stimulate development of 
diverse peripheral devices, each usable with 
a number of different types of host systems. 

ACCESS.bus incorporates more 
sophisticated technology and offers higher 
performance than any other bus-topology 
interconnect for desktop peripherals. 
Moreover, it is the first system of this kind to 
be offered as an open nonproprietary 
standard. 

ACCESS.bus Hardware 

At the hardware level, ACCESS.bus is based 
on the well-established Inter-Integrated 
Circuit (I^C) serial bus developed and 
patented by Philips. The serial bus 
architecture, in which a single data line 
carries one bit of information at a time, entails 
lower costs for cabling, connectors and 
controller circuitry than parallel bus 
architectures. 

Standard low-cost I^C components, available 
from Philips, handle the logical complications 
of the bit-level handshaking. More details on 
these components are given in section 5. 



ACCESS.bus is a trademark of ACCESS.bus Industry Group 
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Figure 2. A shielded connector with four pins for connecting the ACCESS.bus cable to a system 



4-SCL 

Figure 3. Female Connector Pin Identification (Not To Scale) 


The physical medium for ACCESS.bus is a 
shielded cable containing four wires; serial 
data (SDA), serial clock (SCL), power (+5V), 
and ground (GND). It uses standard low-cost 
shielded modular connectors available from 
AMP and Molex (Figure 2 and 3). Shielding of 
the cables and connectors facilitates making 
ACCESS. bus-based systems conform to 
FCC radiation and ESD requirements. A 
typical ACCESS.bus device will have two 
connectors so that devices may be chained 
on the single bus; hand-held devices may 
have a captive cable joined to the bus trunk 
with a “T" connector. 

The serial data (SDA) and serial clock (SCL) 
lines work together to define the information 
carried on the bus. That aspect of the 
technology is described in Section 2.3. The 
host computer drives the +5V power line with 
a minimum of 50mA to supply the peripheral 
devices. Devices may be supplied with power 
from an external source. 

The I^C technology can support dock rates 
up to 100kHz. The maximum ACCESS.bus 
data transfer rate of approximately 
80 Kbits/sec is derived from the top clock rate 
by subtracting the overhead imposed by the 
ACCESS.bus communication protocols for 
handshaking, addressing, and error control. 


ACCESS.bus Protocols 

The ACCESS.bus communication protocol is 
composed of three levels: I^C Protocol, Base 
Protocol, and Application Protocol. 

At the lowest level, nearest the hardware, the 
basic discipline of the ACCESS.bus is 
defined as a subset of the Philips 
Inter-Integrated Circuit (I^C) bus protocol. 

The simple and efficient I^C Protocol defines 
a symmetric multi-master bus on which 
arbitration among contending masters is 
effected without losing data. l^C provides for 
cooperative synchronization of the serial 
clock for exchange of data between bus 
partners with different maximum clock rates. 
The I^C Protocol defines a bus transaction 
scheme with addressing, framing of bits into 
bytes, and byte-acknowledgement by the 
receiver. More detail on the I^C Protocol level 
is given in Section 2. 

The next ACCESS.bus protocol level is the 
Base Protocol. This level, common to all 
types of ACCESS.bus devices, establishes 
the nature of ACCESS.bus as an 
asymmetrical interconnect between a host 
computer and a number of peripheral 
devices. The host plays a special role as a 
manager of the ACCESS.bus. Data 
Communication is always between host and 
peripheral device and never between two 


peripherals. While the I^C Protocol provides 
for mastership by either the sender or the 
receiver of a bus transaction, in the 
ACCESS.bus protocol masters are 
exclusively senders and slaves are 
exclusively receivers. Of course, the host and 
all the devices are both master/senders and 
slave/receivers at different times. 

The ACCESS.bus Base Protocol defines the 
format of an ACCESS.bus message 
envelope, which is an I^C bus transaction 
with additional semantics, including 
checksum reliability control. Further, the Base 
Protocol defines a set of seven control and 
status message types which are used in the 
configuration process. 

The eight required interface massages that 
ACCESS.bus protocol defines are listed 
below. Parameters defined within the body of 
the message are listed in parenthesis. 
Computer-to-device Messages: 

Reset() 

Identification Request() 

Assign Address(ID strng, new addr) 
Capabilities Request(offset) 
Device-to-computer Messages: 

Attention(status) 

Identification Reply(ID string) 

Capabilities Reply(offset, data frag) 

Interface Error() 
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Two of the unique features of this 
configuration process are auto-addressing 
and hot plugging. Auto-addressing refers to 
the way that devices are assigned unique bus 
addresses in the configuration process, 
without the need for setting jumpers or 
switches on the devices. Hot plugging refers 
to the ability for attaching or detaching 
devices while the system is running, without 
the need for rebooting the host. The means 
by which the ACCESS.bus protocol provides 
these feature is discussed in Section 2. 

The highest level of the ACCESS.bus 
protocol, the Application Protocol, defines 
message semantics that are specific to 
particular functional types of devices. 

Different device types require different 
Application Protocols. Application Protocols 
have been defined so far for three device 
classes: keyboards, locators, and text 
devices. Each of these predefined classes is 
designed to be broad. The keyboard device 
protocol defines standard messages for 
reporting keystrokes and controlling keyboard 
peripherals. The protocol attempts to define 
the simplest set of functions from which 
common industry standard keyboard 
interfaces can be built. The locator device 
protocol defines a set or standard messages 
for reporting locator movement and key 
switch activation for mice, tablets, and other 
positioning devices. The protocol is designed 
to accommodate a range of basic locator 
devices such as a mouse or tablet. More 
complex devices can be modeled as a 
combination of basic devices or can provide 
their own device driver. The text device 


protocol is intended to provide a simple way 
to transmit character or binary data to and 
from stream oriented devices such as a bar 
code reader, or modem. The sequential 
character stream model also serves as a 
common denominator for connecting RS-232 
interface devices. 

A major advantage in designing devices that 
conform to these general device-type 
semantics is that they may share 
device-specific software, both in the 
device-resident firmware and in the driver 
software needed in the host operating system 
to allow application programs to access the 
devices. 

It is anticipated that further device-specific 
Application Protocols will be defined in the 
future, under the aegis of the ACCESS.bus 
Industry Group. Further, any device vendor 
may implement a special device protocol 
within the general message envelope defined 
by the Base Protocol. 

Participation in all three of the protocol levels 
requires intelligence at the device level. The 
lower levels of this firmware are likely to be 
common to many devices. Higher levels of 
the firmware are expected to be more specific 
to the device and the application (Figure 4). 


HOW ACCESS.bus WORKS 
Electrical 

The host and devices are connected to both 
the serial data (SDA) and serial clock (SCL) 


lines in an “wired-AND” logic configuration. 
The wired-AND may be implemented by 
connecting the data and clock output stages 
of each bus partner to the SDA and SCL lines 
respectively through open-collector or 
open-drain transistors. The standard I^C 
components include such output stages 
on-chip. The significance of the wired-AND 
logic is that any attached bus partner may 
force either of these lines to low (the ground 
level). When there is no output from any bus 
partner, the lines are held high by pull-up 
current sources in the host. Every bus partner 
can sense the level on both of these lines 
(Figure 5). 

Bus Transactions 

During a bus transaction, there is one clock 
pulse on SCL for each bit transferred on 
SDA. The SDA information is valid when SCL 
is high. During a transaction, the SDA must 
be stable between the rising and falling edges 
of the SCL pulse; SDA may change state 
only when SCL is low (Figure 6). 

SDA transitions when the SCL is high are 
signals that delimit the bus transaction. When 
the ACCESS.bus is free, both SCL and SDA 
are high. A high-to-low SDA transition when 
SCL is high is a start condition; it signals the 
beginning of a bus transaction. A bus partner 
asserts mastership by pulling SDA low when 
the bus is free. A low-to-high SDA transition 
when SCL is high is a stop condition; it 
signals the end of a bus transaction. A 
master generates a stop condition when it 
relinquishes mastership (Figure 7). 



Figure 4. ACCESS.bus protocol hierarchy 
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Synchronization 

When a bus partner wishes to assert 
mastership of a free bus, it generates a start 
condition by pulling the SDA low. When SDA 
is low the new master begins the clock cycle, 
pulling the SCL low. All bus partners must be 
able to sense these events, and they respond 
by pulling ail their SCL outputs low and 
beginning to count off their low periods. When 
each bus partner has reached the end of its 
low period, it lets its SCL output go high. 

Thus the SCL line will remain low for the 
duration of the longest low clock period 
among the bus partners. 

When all the bus masters have reached the 
end of their low periods and let their SCL 
outputs go high, then the SCL goes high. All 
bus partners must be able to sense this 
event, and they begin counting their high 
period. The first bus master to reach the end 
of its high period pulls the SCL low again. In 
this way, all the bus partners simultaneously 
communicating on the bus are synchronized 
by a clock pulse whose low is as long as the 
longest of the low periods and whose high is 
as long as the shortest of the high periods. 
This synchronization persists until the master 
relinquishes the bus by generating a stop 
condition. The cooperative synchronization is 
a mechanism by which devices with slower 
clocks can regulate the operating rate of the 
bus. However, this mechanism, called “clock 
stretching”, is not the normal means of data 
stream flow control. The ACCESS.bus 
protocol provides another mechanism for this 
purpose. (See Section 3.3.) 

Byte Framing and 
Acknowledgement 

During this synchronized exchange the 
master/transmitter puts data on the SDA, one 
bit for each clock pulse. Eight successive bits 
comprise a byte, the most significant bit going 
first. The ACCESS bus is a Big Endian 
System, 

As the new master puts the first byte on the 
bus, all the other bus partners participate in 
the synchronization. The first byte of the 
transaction contains the address of the 
intended slave/receiver of the transaction. 
Each non-master can check the address bits 
as they appear and cease participating in the 
synchronization as soon as the address bit 
on SDA fails to match the corresponding bit 
of its own address. The address check may 
also be done at the end of the address 
transmission. 

At the end of the first byte, the 
master/transmitter lets its data output go high 
for the next clock pulse and the 
slave/receiver whose address matches the 
transmitted address, is obliged to 


acknowledge receipt of the byte by pulling the 
SDA low for this pulse. This 1-bit Ack 
continues after each byte of the bus 
transaction; the master lets its SDA output go 
high and the receiver must pull the SCL low. 
Failure of the receiver to acknowledge a byte 
is an exception condition, which requires the 
master to terminate the transaction. 

Addressing 

The slave/receiver of the bus transaction is 
determined by the address contained in the 
first byte. I^C uses the seven high-order bits 
of the first byte for addressing, and bit 0 to 
indicate whether the master is transmitting or 
receiving data. In ACCESS.bus, the master is 
always the transmitter, so bit 0 of the first 
byte of a transaction is always 0. Of the 128 
7-bit addresses ACCESS.bus uses 15 
addresses for general microcontrollers. 

The host computer address is always 50h. In 
the configuration process to be described 
below, each peripheral device is assigned a 
unique address from the set of even 
numbers. 6Eh is used as a default address 
for devices before they have been assigned a 
unique address. A total of 125 addresses are 
available for devices on the bus. 

Arbitration 

What happens when two devices 
simultaneously assert mastership? While 
putting data on the SDA, each transmitting 
master is, of course, independently sensing 
the state of SDA. Whenever a contending 
master detects that the state of tiie SDA is 
different from the data value it is putting out 
during a clock high, the contending master 
backs off, and waits for the stop condition 
before trying again, Thus, two contending 
masters will both put data on the bus as long 
as they are putting out the same data. The 
first bit where they differ will cause the 
contender that put out a 1 to back off. 

Thus, under normal expected operation 
contending masters trying to send to different 
bus addresses will resolve the contention by 
the end of the first byte of the bus 
transaction. In the ACCESS.bus Base 
Protocol, the second byte of a transaction is 
the address of the transmitting master. Thus, 
as long as bus addresses are unique, the 
mastership of the bus will be resolved by the 
end of the second byte of the transaction. 
However, if two devices have the same 
address and are trying to send ictentical 
messages to a common address, then they 
will both send the entire message in unison, 
this situation can happen only during the 
configuration process before devices have all 
been assigned unique addresses; it is 
discussed further in Section 2.9 below. 


Note that this arbitration mechanism never 
causes lost data or wasted transmissions, 
since the addresses of the receiver and 
transmitter are necessary overhead, in any 
case, for any sensible bus protocol. Note that 
bus priorities during arbitration are fixed by 
the device addresses, first by the address of 
the receiver, and then, for messages 
addressed to a common receiver, by the 
address of the transmitter. Lower addresses 
have priority over higher addresses. Lockouts 
of devices with high addresses are prevented 
by a rule of the Base Protocol that requires 
partners to wait a minimum time after 
relinquishing mastership before asserting it 
again. 

Message Format 

An ACCESS.bus message comprises one 
I^C bus transaction. It consists of a string of 
bytes sent by a master/transmitter, each byte 
acknowledged by a one bit SCL-low Ack from 
the slave/receiver. The entire transaction is 
delimited by start and stop conditions 
generated by the master. 

The first byte In the message is the receiver’s 
unique address, as described above in 
Section 2.5. The second byte contains the 
transmitter’s unique address. 

The third byte of an ACCESS.bus message 
comprises two fields. Bits 2-7 provide a byte 
count for the body of the message. Thus, a 
message body can have 0 to 127 bytes. The 
message body is followed by a checksum 
byte, for error control. The checksum is the 
bitwise XOR of all the preceding bytes of the 
message. 

The high order bit of the third byte is a 
Protocol Flag (P) to distinguish between data 
stream messages (P=0) and control/status 
messages (P=1). The data stream messages 
carry the application information being 
exchanged between the device and the host. 
The control/status messages are used to 
manage the ACCESS.bus protocol 
(Figure 8). 

Control/Status Messages 

The ACCESS.bus Base Protocol defines a 
number of control/status messages that 
pertain to the Interface Parts of devices. 
These control/status messages are used for 
the configuration process, in which devices 
are assigned unique bus addresses and 
connected with the appropriate drivers in the 
host. The configuration process is described 
in Section 2.9 to 2.11 . In a control/status 
message, the message type is indicated by 
an operation code contained in the first byte 
of the message body. The various Interface 
Part control/status messages are shown in 
Table 1 . 


March 1993 


168 





Philips Semiconductors 80C51 -Based 8-Bit Microcontrollers 


Version 2.0 


ACCESS.bus™ technical overview 



Table 1 . Interface Part Control/Status 

Messages 

Computer-to-Device Messages Purpose 

Reset{) Force device to power-up 

state and default I^C 
address. 

Identification Request() 

Ask device for its 
“identification string.” 

Assign Address(ID strng, new addr) 

Ask device for its 
“identification string” to 
change its address to “new 
address.” 

Capabilities Request(offset) 

Ask device to send the 
fragment of its capabilities 
information that starts at 
“offset.” 

Attention(status) Inform computer that a 
device has finished its 
power-up/reset test and 
needs to be configured; 
“status” shall be the test 
result. 

Identification Reply(ID string) 

Reply to Identification 
Request with device’s 
unique “identification string." 

Capabilities Reply (offset, data frag) 

Reply to Capabilities 
Request with “data 
fragment,” a fragment of the 
device’s capabilities string; 


the computer uses “offset” to 
reassemble fragments. 

Interface Error{) 

Invalid checksum or 
premature end of message 
detected. 

In addition, the Application Protocols define 
further control/status messages that are 
specific to particular device types. Some of 
these are discussed in Section 3 on the 
predefined device types. 

AppHardSiga Provision for a subdevice to 
generate an interrupt of the 
host system 

AppTest A message from the host to 

a peripheral device 
commanding it to test the 
Application Part subdevice 

AppTestReply A message by which a 

device replies to an AppTest 
command. 

Configuration 

The ACCESS.bus features auto-addressing 
and hot-plugging. These features are 
supported by the ACCESS.bus configuration 
process, which uses the seven types of 
control/status messages. Configuration 
consists of assigning unique bus addresses 
to the attached devices and connecting them 
with the appropriate drivers to provide 
host-resident application programs with 
access to the devices. 

Configuration occurs when the device is 
powered-up or when it receives a Reset 


message. When the system is powered up, 
so are devices attached to the ACCESS.bus. 
Otherwise, devices are powered-up when 
they are hot-plugged into the bus. A device 
may have a power source other than the +5V 
power line of the ACCESS.bus, but is must 
also be able to sense this line voltage and 
enter the power-up state when attached to 
the ACCESS.bus power source. When the 
system completes its boot up, the host sends 
a Reset message to all legal device 
addresses to put all devices in the power-up 
state. 

Usually, when a device is powered up, it 
performs its specific self-testing. At the 
conclusion of self-test the device must 
assume the default address 6Eh and send an 
Attention message to announce its presence 
to the host. This message contains a single 
status byte to inform the host of the results of 
the power-up self-testing; zero indicates 
normal results and non-zero values indicate 
exception conditions that are specific to the 
device type. 

On receiving an Attention message, the host 
sends an IDRequest message to the default 
address. Each device at this address replies 
with an IDReply message containing a unique 
28-byte ID string described in the next 
section. The host is then able to assign 
unique ACCESS.bus addresses to each of 
the devices at the default address, by 
sending AssignAddress messages to the 
default address. Each AssignAddress 
message contains in its body the assigned 
address and the unique ID string of the 
corresponding device. 
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Device Identifiers 

During configuration, before address 
assignment, each device can be identified by 
a 28-byte unique ID string, which may be 
partly or entirely encoded in the device ROM. 
The first 24 bytes of the ID string are 
understood as ASCII-encoded information 
characterizing the device type: 

• protocol revision 1 byte ("A”) 

• module revision 7 bytes (e g., ”V1 .0 ”) 


• vendor name 

• module name 
”) 

• device number 


8 bytes (e.g., "DEC ”) 
8 bytes (e.g., "LK501 

32-bit signed integer 


The first 24 bytes characterize the device’s 
firmware and are encoded in the device 
ROM. 

The remaining 4 bytes of the device ID string 
are understood as a 32-bit two’s complement 
integer that uniquely identifies the device 
among devices of the same type. This integer 
may be provided as a unique serial number 
contained in the device ROM. Or, in the 
absence of such a serial number, interactive 
devices may use a random or arbitrarily 
determined number for this part of the ID 
string. As an aid to the host software, the 
Base Protocol specifies that, in the IDReply 
message, unique serial numbers be sent as 
positive integers and randomly generated 
numbers be sent as negative integers, in the 
two’s complement sense. 

In the random number case, it is possible that 
different devices of the same type may come 
up with the same 32-bit discriminator. In this 
case, the different devices will be assigned 
the same bus address, an undesirable 
situation. The ACCESS.bus specification 
suggests a guideline to help avoid identical 
random identifiers: use the number of cycles 
of the device’s own clock between power up 
and the time the IDRequest message is 
received. The natural dispersion of the 
frequencies of these oscillators is likely to 
provide unique numbers. 

The Base Protocol includes a provision to 
ensure against the unlikely circumstance that 
different interactive devices of the same type 
and without unique serial numbers will 
generate the same random number. Namely, 
each such device must send a Reset 
message to its own assigned address. This 
self-addressed Reset is sent only once 
between power-ups or external Resets, just 
before the device sends the first message 
instigated by a user action. Of course, the 
transmitting device will ignore the 
self-addressed Reset, but other devices 
possibly at the same address will be reset 


and will go through configuration again. The 
Base Protocol specifies that a device using a 
random number in its ID string shall change 
that random number after receiving a Reset 
message. In this way, all interactive devices 
are guaranteed assignment of unique 
addresses before sending their first 
data-carrying messages. 

If several non-interactive devices of the same 
type are to be attached to a single 
ACCESS.bus, then they must have hardwired 
unique serial numbers. 

During normal operation, the host periodically 
checks the configuration by sending 
IDRequest messages to inactive devices. 

The host also sends IDRequest messages to 
all assigned addresses whenever it receives 
an Attention message from a device seeking 
configuration. The purpose of these 
IDRequest messages is to verify the current 
state of the ACCESS.bus - what devices are 
still connected and which devices are no 
longer present. 

Device Capabilities Information 

In order that a device be accessible to 
application programs running on the host, it 
must be connected to an appropriate 
software driver. Establishing this association 
is the last phase of configuration. 

The appropriate driver will depend on the 
device type. There may be further 
parameters that characterize the device and 
which affect the choice of driver, or which at 
least must be furnished as arguments to the 
selected driver. Moreover, the application 
program may also need to be informed of 
these device parameters. The device 
Capabilities Information feature of the 
ACCESS.bus protocol allows a measure of 
device independence in the selection of 
drivers and provides for informing the host 
software of the device characteristics. 

Device Capabilities Information is an explicit 
statement of a device’s functional 
characteristics that are only implicit in the 
device type designation contained in the ID 
string, or that may even vary among 
individual devices of a given type. For 
example, the Capabilities Information about a 
keyboard might include the national alphabet 
used, or the Capabilities Information about a 
locator might include its resolution or units. 

The Capabilities Information for each device 
is contained in a single human-readable 
ASCII-encoded text string stored on the 
device ROM. The ACCESS.bus Base 
Protocol defines a simple and compact 
grammar for building the capabilities string. 

The semantics of the Capabilities Information 
is carried by keywords. The Base Protocol 


defines some keywords that can apply to all 
sorts of devices. Then each Application 
Protocol will define further keywords that are 
meaningful only for certain types of devices. 
To date, the ACCESS.bus Application 
Protocols define semantics for the 
Capabilities Information for generic 
keyboards, locators, and general text 
devices. The grammar allows for easy 
extension of the Capabilities Information 
specification. 

An example of a simple mouse Capabilities 
string might be as follows: 

( 

prot(locator) 

type(mouse) 

model(VSXXX) 

buttons(1(L)2(R)3(M))dim(2) rel 
res(200 inch) range(-127 127) 

dO(dname(X)) 

d1(dname(Y)) 

) 

This would specify that the device uses the 
standard locator protocol; that it is a mouse, 
that it is model VSXXX; that it has three 
buttons designated left, middle and right 
corresponding with the respective bits in the 
key switch word; that it has two degrees of 
freedom, designated “X" and “Y”, using 
inches as units with 200 counts per inch; that 
it reports relative values (displacement since 
last report) in the range -127 to 127 counts, 
and that its coordinate values correspond to 
X and Y. 

After assigning a unique address to a device, 
the host sends it a CapRequest message to 
command it to send its Capabilities 
Information in a CapReply message. Of 
course, the device Capabilities string may 
well exceed the capacity of the message 
body of each CapRequest specifies where in 
the Capabilities Information string the 
fragment should start. The ’offset’ value is 
repeated in the CapReply message, to be 
used as a check by the host in reassembling 
the Capabilities string. The offset is restricted 
to three values: send first (0), send again, 
and send next (offset from most recent string 
plus the number of bytes in the fragment. 

The prot(), type(), and model() keywords 
must appear in that order and occur first in 
the Capabilities string. They must be within 
the first 1 28 bytes. 

APPLICATION DEVICE TYPES 

The initial ACCESS.bus specification defines 
Application Protocols for three kinds of 
devices: keyboards, locators, and text 
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devices. An important advantage of 
developing devices that conform to these 
defined protocols is the availability of 
pre-existing software to implement them, in 
particular, the drivers in the operating 
software of the host system through which 
application programs gain access to the 
devices. 

Keyboard Devices 

A generic keyboard consists of an array of 
key stations assigned numbers between 8 
and 255. When any key station transitions 
between open and closed, the entire list of 
key stations currently closed or depressed is 
transmitted to the host. 

In addition to reporting key stations, the 
generic keyboard device can support simple 
feedback mechanisms such as keyclicks, 
bells, and light-emitting diodes. These 
mechanisms are controlled explicitly from the 
host so that minimal keyboard state modeling 
is required. The keyboard mapping table can 
also be stored in the keyboard itself as part of 
the capabilities string. 

Each key is assigned a unique 8-bit number 
(8-255). The first 8 codes are reserved for 
other keyboard functions. On each key 
transition, up or down, the keyboard will 
report the complete state of the key array as 
a list of zero to ten key stations that are 
currently down. 

Example; user enters the modified keystroke 
Alt-Shift-A 


Transition 

Report 

Alt down 

Alt 

Shift down 

Alt Shift 

’A’ down 

Alt Shift A 

’A’ up 

Alt Shift 

Shift up 

Alt 

Alt up 

<empty list> 


This reporting scheme is functionally 
complete in that the host can detect every 
key transition and it provides the full state of 
the keyboard on each report. No special 
resynchronization reports are needed. 

More detailed information can be found in the 
ACCESS.bus Keyboard Device Protocol 
Specification. 

Locator Devices 

The ACCESS.bus Locator Device 
Spec///caf/on provides for a device that has 
up to 15 degrees of freedom (with 16-bit 
precision) and up to 16 binary keys or 
buttons. Thus, in addition to such 
conventional pointer/locator devices as 
mouse, tablet, trackball. The ACCESS.bus 


locator protocol is suitable for valuator sets, 
such as dial boxes, and function key boxes 
with up to 16 function keys. 

The locator capabilities information provides 
for specifying the number of switches and 
their designations (for example, "left”, “right”, 
“middle”, etc.), whether the locator values are 
relative (like a mouse) or absolute (like a 
tablet or dial box), the resolution (counts per 
unit, and units), the dynamic range, and the 
names of the locator axes (for example, “x”, 
“y”, etc.). 

The first 2-byte word of the event report 
message body contains a mask giving the 
state of the switches; the remaining words 
contain the value of each of the locator axes, 
either the absolute values or the change 
since the previous report in the case of 
relative devices. The locator report message 
is sent either on a regular sampling interval or 
on receipt of an AppPoll message from the 
host. 

The locator-specific Application Protocol 
control/status messages are from the host to 
the device: 

AppPoll Requests the device to 

report its state 

AppSampling Interval 

Sets the device sampling 
interval or instructs the 
device to report only when 
polled 

More detailed information can be found in the 
ACCESS.bus Locator Device Protocol 
Specification. 

Text Devices 

The text device protocol is intended to 
provide a simple way to transmit character or 
binary data to and from stream oriented 
devices such as a bar code reader, or 
character display. The sequential character 
stream model also serves as a common 
denominator for connecting RS-232 
interfaced devices. 

A generic text device transmits a stream of 
8-bit bytes from a character set. Simple 
control messages are defined to support flow 
control and to select communication 
parameters that might be used to interface 
with a modem. The capabilities string 
contains information that identifies the 
specific character set and communication 
parameters used. 

More detailed information can be found in the 
ACCESS.bus Text Device Protocol 
Specification. 


TIMING RULES 

To ensure good interactive response and to 
ensure that all devices will have access to the 
bus, the ACCESS.bus specifies rules on 
transaction timing. Further, specific timeouts 
are needed to avoid hanging up the 
interconnect when devices fail or are 
removed. 

Transaction Timing Rules 

The ACCESS.bus is designed primarily for 
interactive devices. A basic objective of the 
definition of the ACCESS.bus specification is 
that every interactive device should be able 
to update the host on its state at least once in 
every display video frame time. To help meed 
this criterion, the Base Protocol imposes 
some rules on the timing of a device’s 
interaction with the bus. 

Response Timeouts 

In order that a dead or unplugged device will 
not hang up the system indefinitely, there 
must be time limits for responding to 
commands that require a response. The 
ACCESS.bus protocol specifies that devices 
shall complete the Reset command within 
250ms. Further, a device shall respond to any 
command requiring a response within 40ms, 
or, in the case of commands that can be 
answered by several devices, within 40ms 
after the last device to respond. 


SOFTWARE ARCHITECTURE 
AND DEVELOPMENT 

An ACCESS.bus peripheral requires software 
at both ends of the bus transaction for 
managing all levels of the peripheral 
interaction; the I^C interface, the 
ACCESS.bus Base Protocol, and the 
ACCESS.bus Application Protocol. Further, 
the peripheral device requires software to 
support communication between the device 
microcontroller and the application-specific 
I/O transducer circuitry. Finally, the host 
system operating software must provide 
interfaces by which application programs can 
access both the ACCESS.bus devices and 
the ACCESS.bus itself. An important 
advantage of the ACCESS.bus approach is 
that the lower levels of the interaction are 
common to diverse device types, so they can 
be supported by the same or similar software 
modules. 

Device Firmware Development 

The microcontroller in the device provides the 
intelligence for managing the device’s 
participation in all the levels of the 
ACCESS.bus protocol. Use of the 
components with hardware I^C interface 
functionality, described in 
“MICROCONTROLLERS", can simplify the 
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development of the lowest level of this 
software. Moreover, because they concern 
only the bus communication methods that are 
common to all sorts of peripheral devices, the 
I^C interface and the ACCESS.bus Base 
Protocol may well be implemented by reusing 
software previously developed for some of 
these components. And devices conforming 
to the semantics of the predefined standard 
Application Protocols may also benefit from 
the availability of some off-the-shelf code at 
the top level. 

Of course, each device vendor will have to 
develop substantial firmware specific to his or 
her device. Philips and several third party 
vendors offer a range of tools to support 
firmware development for the standard 
components of the 80C51 family. These tools 
include cross assemblers and cross 
compilers for C and PLyM, in-circuit emulators 
with symbolic debugging and real-time trace 
support, and EPROM programming 
equipment. Generally, these software and 
hardware tools are for use with 
PC-compatibles as the development 
platforms. 

Host Software Architecture 

Vendors of host systems supporting 
ACCESS.bus will have to supply drivers and 
other kernel modules to provide access to the 
ACCESS.bus port, both for application 
program clients and for other system 
software, such as the interactive I/O handlers 
of the window system. 

DEVELOPMENT SUPPORT 

Both Digital and Philips Semiconductors offer 
technical support and assistance to 
developers of ACCESS.bus devices and host 
systems. 

ACCESS.bus Industry Group 

The ACCESS.bus Industry Group (ABIG) is 
an association of members interested in 
promoting ACCESS.bus as an industry 
standard for the desktop connectivity of 
computer peripherals. As an association. 


ABIG is intended to maintain the 
ACCESS.bus specification as a simple, 
easy-to-implement, stable technology in the 
spirit of its design and contribute to the 
technical longevity of the ACCESS.bus 
architecture. 

ABIG is an open industry group and anyone 
who has an interest in ACCESS.bus can be 
an ABIG member. An ABIG member is 
defined as a company including its divisions 
and subsidiaries, an organization, or a public 
or private institution. 

There are two basic types of membership; 
General and Voting. General membership is 
open to everyone and Voting Membership is 
restricted to only those members who are 
actively developing a device or platform that 
incorporates the ACCESS.bus technology. 
ABIG is governed by an elected Steering 
committee of seven voting members. 

ABIG Founding Members are those voting 
members who joined to form ABIG. They 
have the same voting privileges. The ABIG 
Founding Members are: 

AMP, Inc. 

Ceibo, Ltd. 

Computer Access Technology Corp. 

Digital Equipment corp. 

Discrete Time Systems Corp. 

Honeywell Keyboard Division 

Input Technologies, Inc. 

ITAC Systems, Inc. 

Kensington Microware Limited 

Lexmark International, Inc. 

Logitech, Inc. 

Micro Computer Control Corp. 

Molex Inc. 

Mouse Systems Corp. 

New Idea Electronic Co., Ltd. 

Nexus Applied Research, Inc. 

Penny & Giles Computer Products Ltd. 

Philips Semiconductors 

Robert Clemens Research & 

Development 

Summagraphics Corp. 

Sun International, Inc. 

Welch Allyn, Inc. 


For more details on ABIG, please contact 
ABIG directly at: 

ACCESS.bus Industry Group 
370 Altair Way, suite 215 
Sunnyvale, California 94086 
Telephone: 408-991-3517 
FAX: 408-991-3773 

Philips Semiconductors Support 

An ACCESS.bus specification is available 
from Philips Semiconductors. This kit 
includes the complete specifications for the 
ACCESS.bus Base Protocol and pre-defined 
Application Protocols, as well as the Philips 
Data Handbook containing the detailed 
specification of the I^C bus, characteristics of 
the available integrated circuits which support 
it, application notes, and sample firmware 
code. The Data Handbooks also contain 
listing of development systems and 
third-party products supporting 
microcontroller firmware development, 
mentioned in the section entitled “Device 
Firmware Development”. 

Beside the 80C51 -family microcontrollers. 
Philips and other manufacturers offer over 
100 different components with built-in I^C 
support: memories, display controllers, data 
converters, clock/calendars, voice 
synthesizers, video processors, and others. 

For technical questions on I^C call your local 
Philips Semiconductors sales office, or 
contact the Philips’ Headquarters Application 
Groupat[1]408-991-3518. 



Purchase of Philips’ l^c components conveys a license under the 

Philips’ |2c patent to use the components in the l^C-system 

provided the system conforms to the l^c specifications defined by Philips. 
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A.b-DEV-KIT 


ACCESS.bus is an open industry standard providing a simple and uniform way to connect up to 125 devices to a single 
port on a computer. ACCESS.bus features 100,000 bits per second data rate, hardware arbitration, dynamic 
reconfiguration, a comprehensive capabilities grammar to support generic software device drivers, and off-the-shelf, low- 
cost I2C Microcontroller technology. 

The A.b-DEV-KIT is an ACCESS.bus product development support package. It includes CATC’s PC/AT A.b-125I 
ACCESS.bus controller board, an ACCESS.bus mouse, expansion box and cables and an 87C751 Microcontroller. The 
kit also includes a comprehensive software package ,a user’s manual and Hotline telephone support. 

The software package includes on-board microcode, an ACCESS.bus Manager that runs as a TSR under DOS and an 
ACCESS.bus Monitor and Control program. In addition the A.b-DEV-KIT software includes source code of 
ACCESS.bus generic software drivers for the host and ACCESS.bus devices software modules. 

Features 

• Complies fully with the ACCESS.bus • A comprehensive A.b user’s manual 

standard 

• Hotline telephone support 

• ACCESS.bus hardware package 

including - 

• The A.b-125I PC/AT 
ACCESS.bus Controller 

• An A.b Mouse 

• An A.b expansion box 

• A.b cables (2 ft and 4 ft) 

• A Philips 87C751 
Microcontroller 

• A comprehensive software package 

including - 

• On-board ACCESS.bus Main 
Controller (MC) microcode 

• An ACCESS.bus Manager that 
runs as a TSR under DOS 

• An ACCESS.bus Monitor and 
Control program 

• Source code of an ACCESS.bus 
host generic software driver 

• Source code of a generic 
ACCESS.bus application layer 
software 

• Source code of ACCESS.bus The A.b-DEV-KIT includes ACCESS.bus accessories 

devices software modules and comprehensive software 
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A.b-DEV-KIT 


A.h-1 251 A CCESS. bus Controller Board 


ACCESS.bus Interface 

Controls a standard ACCESS.bus network. Provides 
two industry standard ACCESS.bus connectors, 
supplying 5V @ 0.75 A. 

ACCESS.bus Network Size 

Supports up to 125 ACCESS.bus devices. Physical 
distance up to 25 feet. With an external 
ACCESS.bus Buffer (optional) up to 250 feet. 

System Interface 

IBM PC/AT and compatibles. Uses the PC/AT 16- 
bit programmable input / output mechanism: 

User selectable I/O addresses - 


User selectable interrupt - 
IRQIO, IRQll or IRQ12 

Physical 

Power: + 5V DC, 10 W max. 

Temp. Range: +0 to +50 degree C 
Board Size: 4.2" H x 6.5" W. 

Warranty 

90-day. Return to factory for repair or replacement at 
manufacturers option 


0x250 to 0x25F 
0x260 to 0x26F 
0x350 to 0x35F 


A.b-DEV-K1T Software 


On-board MC microcode 

A real-time package that controls the operation of 
physical ACCESS.bus devices. 

ACCESS.bus Manager 

Runs as a TSR under DOS, communicates with the 
MC microcode and with the various device drivers. 

It routes control and application messages between 
the physical devices and their respective software 
drivers. 

ACCESS.bus Monitor 

A user-friendly, menu-driven program, displays 
user-selected ACCESS.bus messages and allows the 
user to control specific devices. 


Source Code License 

Source code of a generic ACCESS.bus software driver 
for the host. Source code of a generic ACCESS.bus 
application layer software. Source code of ACCESS.bus 
physic 2 d devices software modules. 

Diagnostics 

A comprehensive self test is performed on the board on 
power up. Diagnostics are run under control of the 
ACCESS.bus Monitor. 


Product specifications are subject to change without notice 


Computer Access Technology Corporation 

949 Hillsboro Avenue, Sunnyvale, CA 94087 
Tel: (408) 732 8910 Fax: (408) 730 1675 


October 1992 
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Computer Access Technology 
Corporation 



ACCESS.bus 

PC/AT Controller Board 


A.b-125I 


Description 

ACCESS.bus is an open industry standard providing a simple and uniform way to connect up to 125 devices to a single 
computer port. ACCESS.bus features data rate of 100,000 bits per second, hardware arbitration, dynamic 
reconfiguration, a comprehensive capabihties grammer to support generic software device drivers, and off-the-shelf, low- 
cost I2C microcontroller technology. 

The A.b-125I is a PC/AT adapter board that serves as an ACCESS.bus master. It allows the connection of multiple 
devices to a single port on the PC. The board can be used in Desktop connectivity as well as in Control and 
Instrumentation applications. The board is based on a Philips 8xC654 microcontroller with I2C interface. 

The A.b-125I is offered with a comprehensive software package including on-board microcode and an ACCESS.bus 
Manager that runs as a TSR under DOS. 


Features 


• A highly integrated, half board 
design, uses a single 16-bit AT /ISA 
slot 

• Full compliance with the 
ACCESS.bus standard 

• On-board 8K bytes SRAM buffer 
memory 

• A comprehensive software package 
including - 

• An on-board ACCESS.bus Main 
Controller (MC) microcode 

• An ACCESS.bus Manager that 
runs as a TSR under DOS 



The A.b-125 allows the connection of multiple devices 
to a single port on the PC 
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A.b-125I 


ACCESS.bus Interface 

Controls a standard ACCESS.bus network. Provides 
two industry standard ACCESS.bus connectors, 
supplying 5V @ 0.75 A. 

ACCESS.bus Network Size 

Supports up to 125 ACCESS.bus devices. Physical 
distance up to 25 feet. With an external ACCESS.bus 
Buffer (optional) up to 250 feet. 

Buffer Memoiy 

8K X 8 bits (8K bytes) static RAM, 

System Interface 

IBM PC/AT and compatibles. Uses the PC/AT 16- 
bit programmable input / output mechanism: 

User selectable I/O addresses - 

0x250 to 0x25F 
0x260 to 0x26F 
0x350 to 0x35F 

User selectable interrupt - 
IRQIO, IRQll or IRQ12 


Software 

A comprehensive software package is provided with 
the board. The software includes the on-board 
ACCESS.bus Main Controller (MC) microcode and 
the ACCESS.bus Manager that runs as a TSR under 
DOS. 

CATC has additional ACCESS.bus software 
available including a Windows 3.1 version of the 
ACCESS.bus Manager, software device drivers, bus 
monitoring and control program and development 
tools. Call CATC for additional information. 

Diagnostics 

A comprehensive self test is performed on the board 
on power up. 

Physical 

Power: + 5 V DC, 10 W max. 

Temp. Range: + 15 to +50 degree C 
Board Size: 4.2"Hx6.5"W. 

Warranty 

90-day. Return to factory for repair or replacement at 
manufacturers option 


A.b-125I 


ACCESS.bus 
Main Controller; 


PC/AT 


Buffer Memory 

Bus Interface 


8Kx8 SRAM 


ACCESS.bus 

Connectors 


Product specifications are subject to change without notice 


Computer Access Technology Corporation 

949 Hillsboro Avenue, Sunnyvale, CA 94087 
Tel: (408) 732 8910 Fax: (408) 730 1675 


October 1992 
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Philips Semiconductors Microcontroller Products 


Low Power 80CL51 Family 
Derivatives 


83CLXXX Family Overview 


THE LOW VOLTAGE / LOW 
POWER 83CLXXX 
MICROCONTROLLER FAMILY 

The new Philips 83CLxxx microcontroller 
family offers a range of powerful controllers 
suitable for many applications and with a 
wide range of supply voltages, from 1 .8V to 
6V. 

The family is based on the well-known 
industry standard 80C51 with a fully static 
core design. It offers not only advantages 
such as the extremely low minimum voltage 
requirement, but also a number of 
mask-programmable features such as an 
on-chip power-on-reset circuit, several 
oscillator options, and different I/O port 
configurations. 

The 83CLXXX family offers a broad choice of 
integrated features. Serial interfaces include 
an UART and/or the I^C bus. 

In many applications where the signal 
strength or the battery supply voltage is 
monitored continuously, the integrated A/D 
converter is offered. Modulation for 
signal/motor control can be realized with the 
on-chip PWM output. The family includes 
devices with on-chip program memories with 
up to 1 6K bytes and data memories up to 256 
bytes. Both ROM and RAM are expandable 
up to 64K bytes externally. 

In addition to the normal features of the 
80C51 core, all the members of the 83CLxxx 
family include extra features such as 
programmable, vectored interrupts via Port 1. 
This means that all the devices can be 
awakened from Power-down mode via Port 1 
without resetting the microcontroller. This 
feature can be very useful in keyboard 
applications, e.g., where the controller is to 
be brought out of the low-power state in a 
structured way by the strike of a key. 

Process 

The 83CLxxx microcontrollers are fabricated 
using the SAC-2 process (Self Aligned 
Contact CMOS, 2pm). This process yields 
devices with an operating voltage range from 
1 .8 to 6.0V with a density comparable to a 1 
micron standard CMOS process. A shrink 
path to a SAC-1 (1pm) is foreseen. 

Telecom Applications 

The demand for low voltage/low power 
devices for telecom applications is growing 
rapidly. Especially in the field of portable and 
hand-held equipment the trend is very dear. 

Integrated circuits with a wide supply voltage 
range and wide frequency range have 
become a necessity to adapt to current and 
future standards. This applies to both analog 
and digital, cordless and cellular telephone 


systems. As the telecom applications become 
more complicated and sophisticated, a 
powerful and well established core with 
extension capabilities is needed for efficient 
and fast implementation. 

The P83CLxxx family includes devices for all 
kinds of telecom applications where low 
power and low voltage is required: from 
normal corded analog phones, feature 
phones and answering machines to cordless 
and cellular phone systems. 

The P83CLXXX microcontrollers are suitable 
in cordless systems including CTO, CT 1 , 
CT2 and DECT. 

On the cellular side, suitable applications are 
be found among AMPS/NAMPS, TAGS/ 
NTACS and NMT systems. 

The family also offers ideal microcontrollers 
for pager applications where low voltage/ 
power is a necessity. 

Non-Telecom Applications 

Due to the low voltage/low power features of 
the P83CLXXX microcontroller, these devices 
are also excellent in the non-telecom area, in 
battery powered and hand-held electronic 
equipment. Examples of suitable applications 
are: 

• Cordless computer keyboards 

• Cordless computer peripherals 

• Palmtop computers 

• Hand-held translators 

• Remote controllers (TV, car locking, light 
control systems) 

• Portable medical instrumentation 

• Smart cards 

• Personal games 

• Wireless data entry systems (stock 
inventory. Car rental check In/out, 
restaurant ordering systems. 

• Fax machines 

• Scanners 

• Security systems 

• Electric, gas and water meters 

P83CLXXX famiiy features 

The P83CLXXX family Is based on a fully 
static 80C51 core. 

The extremely low minimum supply voltage of 
only 1 .8V (the complete range is 1 .8 to 6.0V) 
makes this family of microcontrollers an 
excellent choice for low voltage / low power 
applications, such as battery powered 
applications or other where low current 
consumption is a necessity. 


Port PI includes additional external interrupts 
which can be used to wake up the micro 
from Power-Down mode without a reset. The 
interrupts are separately programmable for 
different priorities and high/low sensitivity. 

Ail the P83CLXXX microcontrollers include the 
following features. 

• Fully static 80C51 CPU 

• 64K bytes program memory address space 

• 64K bytes data memory address space 

• Power-Down and Idle instructions 

• wake up via external interrupts at Port PI 

• Bidirectional and individually addressable 
I/O lines with mask-programmable 
configurations (standard, open 
drain/push-pull, and HIGH/LOW after reset) 

• On-chip oscillator with mask- 
programmable transconductance-options 

• Power-On Reset circuit, mask- 
programmable (on/off) 

• Very low power consumption 

• Frequency range 32kHz to 12MHz (down 
to DC with ext. clock) 

• Supply voltage range: 1.8 to 6.0V 
(P8xCL580:2.5to6.0V) 

• Operating temperature: -40 to +85°C 
(P8xCL782: -25 to -»-55°C) 

P80CL51/31 

The P80CL51 is a low power version of the 
80C51. Functionally it Is fully compatible with 
the 80C51 and 8051 . The part can be 
operated at voltages from 1 .8V to 6V and at 
oscillator frequencies from 32kHz to 1 2MHz 
(down to DC with external clock). The main 
benefit of this part is its ability to significantly 
reduce the current consumption in an 
application when it is operated at voltages 
and frequencies that are lower than those at 
which the 80C51 will operate. 

The P80CL31 is the ROM-less version of 
P80CL51 . 

The P80CL51 provides the following features: 

• 4K ROM 

• 128 RAM 

• Four 8-bit ports, 32 I/O lines 

• Two 16-blt timers / event counters 

• Full duplex UART 

• 13-source, 13-vector interrupt structure 
with two priority levels 

• 40-pin Dual In-line and 40-pin Very Small 
Outline packages. 44-pin Quad Flat Pack 
in development. 
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Low Power 80CL51 Family 
Derivatives 


83CLXXX Family Overview 


P80CL52/32 

The P80CL52 is a low power version of the 
80C52. Functionally it is compatible with the 
80C52 and 8052. The part can be operated at 
voltages from 1.8V to 6V and at oscillator 
frequencies from 32kHz to 1 2MHz (down to 
DC with external clock). 

The P80CL32 is the ROM-less version of 
P80CL52. The 80CL52 provides the following 
features: 

• 8K ROM 

• 256 RAM 

• Four 8-bit ports, 32 I/O lines 

• Three 16-bit timers / event counters 

• Full duplex UART 

• 14-source, 14-vector interrupt structure 
with two priority levels 

• 40-pin Dual In-line and 44-pin Quad Flat 
Pack packages. 

P8XCL410 

The P83CL41 0 is a derivative of the 80CL51 . 
It has all the features of an 80CL51 except for 
an on-chip I^C-bus interface instead of UART. 
The P80CL410 is the ROM-less version of 
P83CL410. 

The P83CL410 provides the following 
features: 

• 4K ROM 

• 128 RAM 

• Two 16-bit timers / event counters 

• I^C bus interface for serial transfer on two 
lines 

• Four 8-bit ports, 32 I/O lines 


• 13-source, 1 3-vector interrupt structure 
with two priority levels 

• 40-pin Dual In-line and 40-pin Very Small 
Outline packages. 

P8XCL411 

The P83CL411 is an extended function 
80CL51 with twice as much RAM (256 bytes). 
The P80CL411 is the ROM-less version of 
P83CL411. 

The P83CL411 provides the following 
features: 

• 4K ROM 

• 256 RAM 

• Four 8-bit ports, 32 I/O lines 

• Two 16-bit timers / event counters 

• Full duplex UART 

• 13-source, 1 3-vector interrupt structure 
with two priority levels 

• 40-pin Dual In-line and 44-pin Quad Flat 
Pack packages. 

P8XCL580 

The P83CL580 is a 80CL51 derivative which 
includes a 4-channel, 8-bit A/D converter, 
one PWM output with 8-bit resolution, timer 
T2, watchdog and an extended port structure. 
For serial interfacing, both an UART and 1 1C 
are on-chip. The P80CL580 is the ROM-less 
version of P83CL580. 

The P83CL580 provides the following 
features: 

• 6K ROM 

• 256 RAM 

• 4-channel, 8-bit A/D converter with 
Power-down mode 


• One PWM output with 8-bit resolution 

• Three 16-bit timers / event counters 

• Watchdog timer 

• Full duplex UART 

• I^C bus interface for serial transfer on two 
lines 

• Five 8-bit ports, 40 I/O lines 

• 15-source, 15-vector interrupt structure 
with two priority levels 

• 56-pin Very Small Outline and 64-pin Quad 
Flat Pack packages. 

P8XCL781 & P8XCL782 

The P83CL781 is a80CL51 derivative with 
16k ROM and 256 byte RAM. The P83CL782 
is a faster version of the CL781 and runs at 
12 MHz at 3V. Functionally, the CL781 and 
CL782 are identical. The P80CL78 1/782 is 
the ROM-less version of P83CL78 1/782. 

The P83CL781 and P83CL782 provide the 
following features: 

• 16K ROM 

• 256 RAM 

• Four 8-blt ports, 32 I/O lines 

• Two 16-bit timers / event counters 

• Full duplex UART 

• I^C bus interface for serial transfer on two 
lines 

• 15-source, 15-vector interrupt structure 
with two priority levels 

• 40-pin Dual In-line and 44-pin Quad Flat 
Pack packages. 
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83CLXXX Microcontroller Family 


QUICK REFERENCE CHART 


Type 

Available 

ROM 

RAM 

I/O 

|2C 

UART 

Features 

Package 

80CL51 

Yes 

4k 

128 

32 

No 

Yes 

Low Voltage 80C51 

40-Pin Dual In-Line 

40-Pin Very Small Outline 

80CL31 

Yes 

- 

128 

32 

No 

Yes 

Low Voltage 80C31 

40-Pin Dual In-Line 

40-Pin Very Small Outline 

80C51 

Q1 ’93 

4k 

128 

32 

No 

Yes 

Standard 80C51 

40-Pin Dual In-Line 

40-Pin Very Small Outline 

80C31 

Q1 ’93 

- 

128 

32 

No 

Yes 

Standard 80C31 

40-Pin Dual In-Line 

40-Pln Very Small Outline 

80CL52 

Q1 ’93 

8k 

256 

32 

No 


Low Voltage 80C52 

40-Pin Dual In-Line 

44-Pin Quad Flatpack 


Q1 '93 

- 

256 

32 



Low Voltage 80C32 

40-Pin Dual In-Line 

44-Pin Quad Flatpack 


Yes 


128 

32 


^mm 

80CL51 with I^C-bus 

40-Pin Dual In-Line 

40-Pin Very Small Outline 

80CL410 

Yes 

- 

128 

32 


HQH 

80CL51 with I^C-bus 

40-Pin Dual In-Line 

40-Pin Very Small Outline 

83CL411 

Q1 ’93 


256 

32 



80CL51, large RAM 

40-Pin Dual In-Line 

44-Pin Quad Flatpack 

83CL580 

Q1 ’93 


256 

40 



ADC, PWM, Watchdog, T2 

50-Pin Very Small Outline 
64-Pin Quad Flatpack 

83CL781 

Q1 ’93 


256 

32 



Low voltage 83C654, T2 

40-Pin Dual In-Line 

44-Pin Quad Flatpack 

83CL782 

Q1 ’93 


256 

32 



Fast83CL781; 12MHZ/3V 

40-Pin Dual In-Line 

44-Pin Quad Flatpack 

85CL000 

Yes 

- 

256 

32 

Yes 

Yes 

For SW development 

Piggyback 

85CL580 

Q1 ’93 

- 

256 

40 

Yes 

Yes 

For SW development 

Piggyback 

85CL781 

Q1 ’93 

- 

256 

32 

Yes 

Yes 

For SW development 

Piggyback 
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Philips Semiconductors Microcontroller Products 


Preliminary specification 


Low-voltage single-chip 8-bit microcontroller 


80CL51 


FEATURES 

• Full Static 80C51 CPU 

• 8-bit CPU, ROM, RAM, 1/0 in a single 
40-lead DIL/ mini-pack 

• 4K X 8 ROM, expandable externally to 64K 
bytes 

• 128 bytes RAM, expandable externally to 
64 K bytes 

• Four 8-bit ports. 321/0 lines 

• Two 1 6-bit timer / event counters 

• External memory expandable up to 1 28K, 
external ROM up to 64K and / or FIAM up 
to64K 

• On-chip oscillator suitable for RC, LC, 
quartz crystal or ceramic resonator 

• Thirteen source, thirteen vector interrupt 
structure with two priority levels 

• Full duplex serial port (UART) 

• Enhanced architecture with: 

- non-page oriented Instructions 

- direct addressing 

- four eight byte RAM register banks 

- stack depth up to 1 28 bytes 

- multiply, divide, subtract and compare 
instructions 


• Power-Down and IDLE instructions 

• Wake-up via external interrupts at Port 1 

• Single supply voltage of 1 .8V to 6.0V 

• Frequency range of 32 kHz to 1 2MHz 

• Very low current consumption 

• Operating temperature range: -40 to +85°C 

DESCRIPTION 

The 80CL51 is manufactured in an advanced 
CMOS technology. The instruction set of the 
80CL51 is based on that of the 8051 . The 
80CL51 is a general purpose microcontroller 
especially suited for battery-powered 
application. The device has low power 
consumption and a wide range of supply 
voltage. For emulation purposes, the 
85CLOOO (Piggy-back version) with 256 bytes 
of RAM is recommended. The 80CL51 has 
two software selectable modes of reduced 
activity for further power reduction: Idle and 
Power-down. The 80CL51 also functions as 
an arithmetic processor having facilities for 
both binary and BCD arithmetic plus 
bit-handling capabilities. The instruction set 
consists of over 100 instructions: 49 
one-byte, 46 two-byte, and 16 three-byte. 


PIN CONFIGURATIONS 


iNT2/Pl.O [T 
INT3/P1.1 [T 
INT4/P1.2 |T 
INT5/P1.3 [T 
INT6/P1.4 (T 
INn/Pl.5 [F 
iNT8Pl.6 \T 
INT9/P1.7 [F 

rst[F 

RXD/DATA/P3.o[m 
TXD/CLOCK/P3.1 [W 
TOTO/P3.2[^ 
IRTTP3.3[n 
T0P3.4[m 
T1P3.5 [is 
WRP3.6[i6 
HnP3.7|^ 
XTAL 2 [is 
XTAL1 [ia 

vssl2 


PLASTIC 

DUAL 

IN-UNE 

PACKAGE 




VdD 

P0i)/AD0 

P0.1/AD1 

P0.2/AD2 

P0.3/AD3 

P0.4/AD4 

P0.5/AD5 

P0.6/AD6 

P0.7/AD7 

EA 

ALE 

P5ER 

P2.7/A15 

P2.6/A14 

P2.5/A13 

P2.4/A12 

P2.3/A11 

P2.2/A10 

P2.1/A9 

P2.0/A8 


ORDERING INFORMATION 


ROM LESS 

ROM 

TEMPERATURE RANGE °C AND PACKAGE 

DRAWING NUMBER 

P80CL31HFP 

P80CL51HFP 

40-lead Plastic Dual In-line Package 

SOT129 

P80CL31HFT 

P80CL51 HFT 

40-lead Plastic Small Outline Package 

SOT158A 
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Low-voltage single-chip 8-bit microcontroller 


80CL51 


PIN DESCRIPTIONS 


PIN 

DESIGNATION 

FUNCTION 

1 

P1.0/INT2 

Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pullups. Port 1 pins that have Is 

2 

P1.1/INT3 

written to them are pulled HIGH by the internal pullups, and in that state can be used as inputs. 

3 

P1.2/1NT4 

The Port 1 output buffer can sink/source 4 LS TTL loads. As inputs, Port 1 pins that are 

4 

P1.3/INT5 

externally pulled LOW will source current (In, in the characteristics) due to the internal pullups. 

5 

P1.4/INT6 

Port 1 also serves the alternative functions INT2 to INT9. 

6 

P1.5/INT7 


7 

P1.6/1NT8 


8 

P1.7/1NT9 


9 

RST 

Reset: A high level on this pin for two machine cycles while the oscillator is running resets the 
device. 

10-17 


Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. The Port 3 output buffers 
can sink/source 4 LS TTL inputs. Port 3 pins that have 1 s written to them are pulled HIGH by 
the internal pull ups, and in that state can be used as inputs. As inputs, Port 3 pins that are 
externally pulled LOW will source current (I|l in the characteristics) due to the internal pull ups. 

10 

P3.0/RX D/data 

RXD/data: Serial port receiver data input (asynchronous)or data input/output (synchronous) 

11 

P3.1/TXD/clock 

TXD/clock: Serial port transmitter data output (asynchronous) or clock output (synchronous) 

12 

P3.2/INT0 

INTO: External Interrupt 0. 

13 

P3.3/INT1 

INTI : External Interrupt 1. 

14 

P3.4/T0 

TO: Timer 0 external input. 

15 

P3.5/T1 

T1 : Timer 1 external input. 

16 

P3.6/Wn 

WR: External data memory write strobe. 

17 

P3.7/RC> 

External data memory read strobe. 

18 

XTAL2 

Crystal output: Output of the inverting amplifier of the oscillator. Left open when external clock 
is used. 

Crystal input: Input to the inverting amplifier of the oscillator; also the input for an externally 
generated clock source. 

19 

XTAL1 

Crystal input: Input to the inverting amplifier of the oscillator; also the input for an externally 
generated clock source. 

20 

Vss 

Ground: Circuit ground potential. 

21-28 

P2.0-P2.7 

Port 2: Port 2 is an 8-bit bidirectional 1/0 port with internal pullups. Port 2 pins that have 1 s 
written to them are pulled HIGH by the internal pullups, and in that state can be used as inputs. 
The Port 2 output buffer can sink/source 4 LS TTL loads. 

21-28 

P2.0-P2.7 

Port 2 emits the high-order address byte during accesses to external memory that use 1 6-blt 
addresses (MOVX (S>DPTR). In this application it uses the strong internal pullups when emitting 
Is. During accesses to external memory that use 8-bit addresses (MOVX (§>Ri), Port 2 emits the 
contents of the P2 Special Function Register. 

29 

FSER 

Program store enable output: Read strobe to external program memory. When executing 
code out of external program memory, PSEN is activated twice each machine cycle. However, 
during each access to external data memory two PSEN activations are skipped. 

30 

ALE 

Address Latch Enable: Output pulse for latching the low byte of the address during access to 
external memory. ALE is emitted at a constant rate of 1/6 of the oscillator frequency, and may 
be used for external timing or clocking purposes. 

31 

EA 

External Access: When EA is held High the CPU executes out of internal program memory 
(unless the program counter exceeds OFFFH). Holding EA LOW forces the CPU to execute out 
of external memory regardless of the value of the program counter. 

32-39 

P0.0-P00.7 

Port 0: Port 0 is an 8-bit open drain bidirectional I/O port. As an open drain output port it can 
sink 8 LS TTL loads. Port 0 pins that have Is written to them float, and in that state will function 
as high impedance inputs. Port 0 is also the multiplexed low order address and data bus during 
access to external memory. In this application it uses strong internal pull-ups when emitting logic 

1 s. 

40 

Vqd 

Power supply. 
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1.0 FUNCTIONAL DESCRIPTION 
General 

The 80CL51 is a stand-alone 
high-performance CMOS microcontroller 
designed for use in real-time applications 
such as instrumentation, industrial control, 
intelligent computer peripherals and 
consumer products. 

The de\^ce provides hardware features, 
architectural enhancements and new 
instructions to function as a controller for 
applications requiring up to 64K bytes of 
program memory and/or up to 64K bytes of 
data storage. 

The 80CL51 contains a non-volatile 4K byte x 
8 read-only program memory; a static 128 
byte X 8 read/write data memory; 32 1/0 lines; 
two 16-bit timer/event counters; a thirteen- 
source two priority-level, nested interrupt 
structure and on-chip oscillator and timing 
circuit. 

The device has two software selectable 
modes of reduced activity for power 
reduction: IDLE and Power-down. The Idle 
mode freezes the CPU while allowing the 
RAM, timers, serial I/O and interrupt system 
to continue functioning. The Power-down 
mode saves the RAM contents but freezes 
the oscillator causing all other chip functions 
to be inoperative. 

CPU timing 

A machine cycle consists of a sequence of 6 
states. Each state time lasts for two oscillator 


periods, thus a machine cycle takes 12 
oscillator periods or Ips if the oscillator 
frequency is 1 2 MHz. 

1.1 Memory organization 

The 80CL51 has a 4K Program Memory 
(ROM) plus 128 bytes of Data Memory 
(RAM) on board. The device has separate 
address spaces for Program and Data 
Memory (see Memory Map). Using Ports PO 
and P2, the 80CL51 can address up to 64K 
bytes of external memory. The CPU 
generates both read and write signals (RD 
and WR) for external Data Memory accesses, 
and the read strobe (PSEN) for external 
Program Memory. 

1 .1 .1 Program Memory 

The 80CL51 contains 4K bytes of internal 
ROM. After reset the CPU begins execution 
at location OOOOH. The lower 4K bytes of 
Program Memory can be implemented in 
either on- chip ROM or external Memory. If 
the EA pin is strapped to Vdd. then program 
memory fetches from addresses CX)0H 
through OFFFH are directed to the internal 
ROM. Fetches from addresses 1000H 
through FFFFH are directed to external ROM. 
Program counter values greater than OFFFH 
are automatically addressed to external 
memory regardless of the state of the EA pin. 

1.1.2 Data Memory 

The 80CL51 contains 128 bytes of internal 
RAM and 25 Special Function Registers 
(SFR). The Memory Map below shows the 
internal Data Memory space divided into the 


Lower 128, the Upper 128, and the SFR 
space. 

The lower 128 bytes of the internal RAM are 
organized as mapped in Figure 9. The lowest 
32 bytes are grouped into 4 banks of 8 
registers. Program instructions refer to these 
registers RO through R7. Two bits in the 
Program Status Word select which register 
bank is in use. The next 16 bytes above the 
register banks form a block of bit-addressable 
memory space. The 128 bits In this area can 
be directly addressed by the single-bit 
manipulation instructions. The remaining 
registers (30 H to 7FH) are directly and 
indirectly byte addressable. 

1.1.3 Special Function Registers 

The upper 1 28 bytes are the address 
locations of the SFRs. Figure 10 shows the 
Special Function Register (SFR) space. 

SFRs include the port latches, timers, 
peripheral control, serial I/O registers, etc. 
These registers can only be accessed by 
direct addressing. There are 128 addressable 
locations in the SFR address space (SFRs 
with addresses divisible by eight). 

1.1.4 Addressing 

The 80CL51 has five methods for addressing 
source operands; 

- Register 

- Direct 

- Register-Indirect 

- Immediate 

- Base-Register-plus 
Index-RegIster-indirect 


MEMORY MAP 



PROGRAM MEMORY INTERNAL DATA MEMORY EXTERNAL 

DATA RAM 
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7FH 


2FH 

20H 


R7 

1 

1FH 

1 

RO 

18H 

R7 

1 

17H 

1 

RO 

10H 

R7 

1 

OFH 

1 

RO 

OSH 

R7 

07H 

1 

RO 

0 


«T-ADDRESSABLESPACE 
(BIT ADDRESSES 0-7F) 


4 BANKS OF 8 REGISTERS 
(RO-R) 


Figure 9. The Lower 128 Bytes of Internal RAM 


The first three methods can be used for 
addressing destination operands. Most 
instructions have a “destination/source" filed 
that specifies data type, addressing methods 
and operands involved. For operations other 
than MOVs, the destination operand is also a 
source operand. 

Access to memory addressing is as follows: 

- Registers in one of the four register 
banks through register, direct or indirect. 

- Internal RAM (128 bytes) through direct 
or register-indirect. 

- Special Function Register through 
Direct. 

- External data memory through 
Register-Indirect 

- Program memory look-up tables through 
Base-Register-Plus 
Index-Register-Indirect. 

1.2 I/O Facilities 

1.2.1 Ports 

The 80CL51 has 32 I/O lines treated as 32 
individually addressable bits or as four 
parallel 8- bit addressable ports. Port 0, 1 , 2 
and 3 perform the following alternate 
functions; 


Port 0: provides the multiplexed low-order 
address and data bus for 
expanding the device with 
standard memories and 
peripherals. 

Port 1 ; provides the inputs for the external 
interrupts INT2/INT9. 

Port 2: provides the high-order address 
when expanding the device with 
external program or data memory. 

Port 3; pins can be configured individually 
to provide: 

(1) external interrupt request inputs 

(2) counter input 

(3) control signals to read and write 
to external memories 

(4) UART input and output 

To enable a Port 3 pin alternate function, the 
Port 3 bit latch in its SFR must contain a logic 
1 . 

Each port consists of a latch (Special 
Function Registers PO to P3). an output 
driver and an input buffer. Ports 1,2,3 have 
internal pull ups. Figure 11(a) shows that the 
strong transistor pi is turned on for only 2 
oscillator periods after a O-to-1 transition in 


the port latch. When on. It turns on p3 (a 
weak pull up) through the inverter. This 
inverter and p3 form a latch which hold the 1 . 
In Port 0 the pull up pi Is only on when 
emitting 1 s for external memory access. 
Writing a 1 to a Port 0 bit latch leaves both 
output transistors switched off so the pin can 
be used as a high-impedance input. 

1.2.2 Port Options 

The pins of port 1 , port 2, and port 3 may be 
individually configured with one of the 
following options (see Figure 11): 

Option 1 : Standard Port; quasi-bidirectional 
I/O with pull up. The strong booster 
pull up pi is turned on for two 
oscillator periods after a O-to-1 
transition in the port latch (see 
Figure 11(a)). 

Option 2; Open drain; quasi-bidirectional I/O 
with n-channel open drain output. 
Use as an output requires the 
connection of an external pull up 
resistor (see Figure 11(c)). 

Option 3: Push-Pull; output with drive 

capability in both polarities. Under 
this option, pins can only be used 
as outputs. See Figure 11(b). 
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Figure 11. Ports 


The definition of port options for port 0 is 
slightly different. Two cases have to be 
examined. First, accesses to external 
memory {EA=0 or access above the built -in 
memory boundary), second, I/O accesses. 

External Memory Accesses 
Option 1 : True 0 and 1 are written as address 
to the external memory (strong pull 
up is used). 

Option 2; An external pull up resistor is 
needed for external accesses. 

Option 3: Not allowed for external memory 
access as the port can only be 
used as output. 


I/O Accesses: 

Option 1 : When writing a 1 to the port-latch, 
the strong pull up p1 will be on for 
2 oscillator periods. No weak pull 
up exists. Without an external pull 
up, this option can be used as a 
high -impedance input. 

Option 2; Open drain; quasi-bidirectional I/O 
with n-channel open drain output. 
Use as an output requires the 
connection of an external pull up 
resistor (see Figure 11(c)). 

Option 3; Push-Pull; output with drive 

capability in both polarities. Under 
this option, pins can only be used 
as outputs. 


Individual mask selection of the post-reset 
state is available on any of the above pins. 
Make your selection by appending “S” or “R” 
to option 1 , 2, or 3 above (e.g. 1 S for a 
standard I/O to be set after RESET or 2R for 
an open-drain I/O to be reset after RESET). 

1 .3 Timer/event counter 

The80CL51 contains two 16-bit 
Timer/Counter registers, Timer 0 and Timer 1 , 
which can perform the following functions; 

- Measure time intervals and pulse 
durations 

- Count events 

- Generate interrupts requests 
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Timer 0 and Timer 1 can be independently 
programmed to operate as follows: 

Mode 0 - 8-bit timer or counter with 
divide-by-32 prescaler 

Mode 1 - 16-bit time-interval or event counter 

Mode 2 - 8-bit time interval or event counter 
with automatic reload upon 
overflow 

Mode 3 - Timer 0 establishes TLO and THO 
as two separate counters. 

In the “Timer” function, the register is 
incremented every machine cycle. Since a 
machine cycle consists of 12 oscillator 


periods, the count rate is 1/12 of the oscillator 
frequency. 

In the “Counter” function, the register is 
incremented in response to a 1-to-O 
transition. Since it takes 2 machine cycles (24 
oscillator periods) to recognize a 1 -to-0 
transition, the maximum count rate is 1/24 of 
the oscillator frequency. To ensure a given 
level is sampled, it should be held for at least 
one full machine cycle. 

1.4 Idle and Power-down 
operation 

Idle mode operation permits the interrupt, 
serial port and timer blocks to continue 
functioning while the clock to the CPU is 


halted. The following functions remain active 
during Idle mode: 

- Timer 0, Timer 1 

- UART 

- External interrupt 

The Power-down operation freezes the 
oscillator. The Power-down mode can only be 
activated by setting the PD bit in the PCON 
register. 

1.4.1 Power control register 

Power-down and Idle modes are activated by 
software via the Special Function Register 
PCON. Its hardware address is 87H. PCON 
is byte addressable only. 


PCON 

BIT 

POSITION 

FUNCTION 

SMOD 

PCON.7 

PCON.4-PCON.6 

Double baud-rate bit, see description of the UART, chapter 1.5. 

(reserved) 

GF1 

PCON.3 

General purpose flag bit 

GFO 

PCON.2 

General purpose flag bit 

PD 

PCON.1 

Power-down activation bit 

IDL 

PCON.O 

Idle mode activation bit 
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1.4.2 Power-down mode 

The instruction setting PCON.1 is the last 
executed prior to going into the Power-down 
mode. In Power-down mode the oscillator is 
stopped. The contents of the on-chip RAM 
and SFRs are preserved. The port pins 
output the values held by their respective 
SFRs. ALE and PSEN are held LOW. 

In the Power-down mode Vdd may be 
reduced to minimize power consumption. 
However, the supply voltage must not be 
reduced until Power-down mode is active, 
and must be restored before the hardware 
reset is applied and frees the osdllator. Reset 
must be held active until the oscillator has 
restarted and stabilized. 

The wake-up operation after power-down in 
this controller has two basic approaches; 

1. 4.2.1 Wake-up using INT2/INT9 

If INT2 and 1NT9 are enabled, the 80CL51 
can be awakened from power-down mode 
with the external interrupts. To ensure that 
the oscillator is stable before the controller 
restarts, the internal clock will remain inactive 
for 1 536 oscillator periods. This Is controlled 
by an on-chip delay counter. 


1. 4.2.2 Wake-up using RESET 
To wake-up the 80CL51 the RESET pin has 
to be kept HIGH for a minimum of 24 cydes . 
The on-chip delay counter Is inactive. The 
user has to ensure that the oscillator is stable 
before any operation is attempted. Figure 13 
illustrates the two possibilities for wake-up. 

1.4.3 Idle mode 

The instruction that sets PCON.O is the last 
instruction executed before going into Idle 
mode. Once in the Idle mode, tiie internal 
clock is gated away from the CPU, but not 
from the Interrupt, Timer and Serial port 
functions. The CPU status is preserved along 
with the Stack Pointer, Program Counter, 
Program Status Word and Accumulator. The 
RAM and all other registers maintain their 
data during Idle mode. The port pins retain 
the logical states they held at Idle mode 
activation. ALE and PSEN hold at the logic 
HIGH level. 

There are two methods used to terminate the 
Idle mode. Activation of any enabled interrupt 
will cause PCON to be cleared by hardware, 
terminating Idle mode. The interrupt is 
serviced, and following the instruction RETl, 
the next instruction to be executed will be the 


one following the instruction that put the 
device in the Idle mode. 

Flag bits GFO and GF1 may be used to 
determine whether the interrupt was received 
during normal execution or Idle mode. For 
example, the Instruction that writes to 
PCON.O can also set or clear one or both flag 
bits. When Idle mode Is terminated by an 
interrupt, the service routine can examine the 
status of the flag bits. 

The second method of terminating the Idle 
mode is with an external hardware reset. 
Since the oscillator is still running, the 
hardware reset is required to be active for 
only two machine cycles to complete the 
reset operation. 

Reset redefines all SFRs, but does not affect 
the on-chip RAM. 

The status of the external pins during Idle 
and Power-down mode is shown in Table 1 . If 
the Power-down mode is activated while 
accessing external memory, port data held in 
the Special Function Register P2 is restored 
to Port 2. If the data is a logic 1 , the port pin 
is held HIGH during the Power-down mode 
by the strong pull up transistor pi (see Figure 
11(a)). 


Table 1. Status of the External Pins During Idle and Power-down Mode 


MODE 

MEMORY 

ALE 

PSEN 

PORTO 

PORT1 

PORT 2 

PORT 3 

Idle 

internal 

1 

1 

Port Data 

Port Data 

Port Data 

Port Data 

Idle 

external 

1 

1 

Floating 

Port Data 

Address 

Port Data 

Power-down 

internal 

0 

0 

Port Data 

Port Data 

Port Data 

Port Data 

Power-down 

external 

0 

0 

Floating 

Port Data 

Port Data 

Port Data 


POWER-DOWN 



DELAY COUNTER >24 PERIODS 

1536 PERIODS 

Figure 13. Wake-up Operation 
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1.5 Standard serial interface SIO: 
UART 

This serial port is full duplex, meaning it can 
transmit and receive simultaneously. It is also 
receive-buffered, meaning it can commence 
reception of a second byte before a 
previously received byte has been read from 
the register. (However, if the first byte still 
hasn’t been read by the time reception of the 
second byte is complete, one of the bytes will 
be lost). The serial port receive and transmit 
registers are both accessed at Special 
Function Register SOBUF. Writing to SOBUF 
loads the transmit register, and reading 
SOBUF loads the transmit register, and 
reading SOBUF accesses a physically 
separate receive register. 

The serial port can operate in 4 modes: 

Mode 0: Serial data enters and exits 

through RxD. TxD outputs the shift 
clock. 8 bits are transmitted/ 
received (LSB first). The baud is 
fixed at 1/1 2 the oscillator 
frequency. 

Mode 1 : 10 bits are transmitted (through 

TxD) or received (through RxD); a 
start bit (0), 8 data bits (LSB first), 
and a stop bit (1). On receive, the 
stop bit goes into RB8 in Special 
Function Register SCON. The 
baud rate is variable. 

Mode 2: 1 1 bits are transmitted (through 
TxD) or received (through RxD); 
start bit (0), 8 data bits (LSB first), 
a programmable 9th data bit, and a 
stop bit (1). On Transmit, the 9th 
data bit (TB8 in SCON) can be 
assigned the value of 0 or 1 . Or, 
for example, the parity bit (P, in the 
PSW) could be moved into TB8. 

On receive, the 9th data bit goes 
into RB8 in Special Function 
Register SCON, while the stop bit 
is ignored. The baud rate is 
programmable to either 1/32 or 
1/64 the oscillator frequency. 

Mode 3; 1 1 bits are transmitted (through 

TxD) or received (through RxD); a 
start bit (0), 8 data bits (LSB first), 
a programmable 9th data bit and a 
stop bit (1 ). In fact. Mode 3 is the 
same as Mode 2 in all respects 
except baud rate. The baud rate in 
Mode 3 is variable. 

In all four modes, transmission is initiated by 
any instruction that uses SOBUF as a 
destination register. Reception is initiated in 
Mode 0 by the condition Rl = 0 and REN = 1 . 
Reception is initiated in the other modes by 
the incoming start bit if REN = 1 . 


1.5.1 Multiprocessor communications 
Modes 2 and 3 have a special provision for 
multiprocessor communications. In these 
modes, 9 data bits are received. The 9th one 
goes Into RB8. Then comes a stop bit. The 
port can be programmed such that when the 
stop bit is received, the serial port Interrupt 
will be activated only if RB8 = 1 . This feature 
is enabled by setting bit SM2 in SCON. A 
way to use this feature in multiprocessor 
systems is as follows; 

When the master processor wants to transmit 
a block of data to one of several slaves, it first 
sends out an address byte which identifies 
the target slave. An address byte differs from 
a data byte in that the 9th bit is 1 in an 
address byte and 0 in a data byte. With SM2 
= 1 , no slave will be interrupted by a data 
byte. An address byte, however, will interrupt 
all slaves, so that each slave can examine 
the received byte and see if it is being 
addressed. The addressed slave will clear its 
SM2 bit and prepare to receive the data bytes 
that will be coming. The slaves that weren’t 
being addressed leave their SM2s set and go 
on about their business, ignoring the coming 
data bytes. 

SM2 has no effect in Mode 0, and in Mode 1 
can be used to check the validity of the stop 
bit. In a Mode 1 reception, if SM2 = 1 , the 
receive interrupt will not be activated unless a 
valid stop bit is received. 

1 .5.2 Serial port control register 

The serial port control and status register is 
the Special Function Register SOCON, shown 
in Figure 14. The register contains not only 
the mode selection bits, but also the 9th data 
bit for transmit and receive (TBS and RB8), 
and the serial port interrupt bits (T1 and Rl). 
See next page. 

Baud Rates 

The baud rate In Mode 0 is fixed; Mode 0 
Baud Rate = Osdilator Frequency /1 2. The 
baud rate in Mode 2 depends on the value of 
bit SMOD in Special Function Register 
PCON. If SMOD = 0 (which is the value on 
reset), the baud rate is 1/64 the oscillator 
frequency. If SMOD = 1, the baud rate is 1/32 
the oscillator frequency. 

Mode 2 Baud Rate = 

( 2 ^MOD/g 4 j^Q 5 ^jllg^Q^ Frequency) 

The baud rates in Modes 1 and 3 are 
determined by the Timer 1 overflow rate. 

Using Timer 1 to generate baud rates 

When Timer 1 is used as the baud rate 
generator, the baud rates in Modes 1 and 3 
are determined by the Timer 1 overflow rate 
and the value of SMOD as follows: 
^2SMOD/32)(-nmer 1 Overflow Rate) 


The Timer 1 interrupt should be disabled in 
this application . The Timer itself can be 
configured for either “timer" or “counter” 
operation, and in any of its 3 running modes. 
In the most typical applications, it is 
configured for “timer operation, in the 
auto-reload mode (high nibble of TMOD = 

001 OB). In that case the baud rate is given by 
the formula: 

Mode 1 , 3 Baud Rate = 

{(2^“°°/32) (Oscillator Frequency)} / 
{12(256-(TH 1 )} 

One can achieve very low baud rates with 
Timer 1 by leaving the Timer 1 interrupt 
enabled, and configuring this Timer to run as 
a 1 6-bit timer (high nibble of TMOD = 0001 B), 
and using the Timer 1 interrupt to do a 16-bit 
software reload. Table 2 lists various 
commonly used baud rates and how they can 
be obtained from Timer 1 . 

More about Mode 0 

Figure 15 shows a simplified functional 
diagram of the serial port in Mode 0, and 
associated timing. Transmission is initiated by 
any instruction that uses SOBUF as a 
destination register. The “write to SOBUF” 
signal at S6P2 also loads a 1 into the 9th 
position of the transmit shift register and tells 
the TX Control block to commence a 
transmission. The Internal timing is such that 
the one full machine cycle will elapse 
between “write to SOBUF", and activation of 
SEND. 

SEND enables the output of the shift register 
to the alternate output function line of P3.0 
and also enables SHIFT CLOCK to the 
alternate output function line of P3.1 . SHIFT 
CLOCK is low during S3, S4, and S5 of every 
machine cycle, and high during S6, SI and 
S2. At S6P2 of every machine cycle in which 
SEND is active, the contents of the transmit 
shift are shifted to the right one position. 

As data bits shift out to the right, zeros come 
in from the left. When the MSB of the data 
byte is at the output position of the shift 
register, then the 1 that was initially loaded 
into the 9th position is just to the left of the 
MSB, and all positions to the left of that 
contain zeros. This condition flags the TX 
Control block to do one last shift and then 
deactivate SEND and set T1 . Both of these 
actions occur at SI PI of the 10th machine 
cycle after “write to SOBUF”. 

Reception is initiated by the condition REN = 

1 and Rl = 0. At S6P2 of the next machine 
cycle, the RX Control unit writes the bits 
1 1 1 1 1 1 1 0 to the receive shift register, and in 
the next clock phase activates RECEIVE. 
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MSB LSB 


SMO 

SM1 

SM2 

REN 

TBS 

RBS 




Where SMO, SM1 specify the serial 
port mode, as follows: 


SMO 

SMI 

Mode 

Description 

Baud Rate 

0 

0 

0 

shift register 

fosc/ 12 

0 

1 

1 

8-bit UART 

variable 

1 

0 

2 

9-bit UART 

fosc/64 





or 





fosc/32 

1 

1 

3 

9-bit variable UART 


-SM2 

Enables the multiprocessor communication feature in Modes 2 and 3. In Mode 2 or 3, if SM2 is set to 1 then Rl will not be activated 
if the received 9th data bit (RBS) is 0. In Mode 1 , if SM2=1 then Rl will not be activated if a valid stopbit was not received. In Mode 
0. SM2 should be 0. 

-REN 

Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 

-TBS 

Is the 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. 

-RBS 

In Modes 2 and 3, is the 9th data bit that was received. In Mode 1 , it SM2=0, RBS is the stop bit that was received. In Mode 0, RBS 
is not used. 

-Tl 

Is transmit interrupt flag. Set by hardware at the end of the Sth time in Mode 0, or at the beginning of the stop bit in the other modes, 
in any serial transmission. Must be cleared by software. 

-Rl 

Receive interrupt flag. Set by hardware at the end of the Sth bit time In Mode 0, or haltway through the stop bit time in the other modes, 
in any serial reception except (see SM2). Must be cleared by software. 

Figure 14. Serial Port control (SCON) Register 


Table 2. Timer 1 Generated Commonly Used Baud Rates 


TIMER 1 

BAUD RATE 

tosc 

SMOD 

C/T 

MODE 

RELOAD VAIUE 

Mode 0 Max: 1 Mb/s 

12 MHz 

X 

X 

X 

X 

Mode 2 Max: 375 Kb/s 

12 MHz 

1 

X 

X 

X 

Modes 1,3:62.5 Kb/s 

12 MHz 

1 

0 

2 

FFH 

19.2 Kb/s 

11.059 MHz 

1 

0 

2 

FDH 

9.6 Kb/s 

11.059 MHz 

0 

0 

2 

FDH 

4.8 Kb/s 

11.059 MHz 

0 

0 

2 

FAH 

2.4 Kb/s 

11.059 MHz 

0 

0 

2 

F4H 

1.2 Kb/s 


0 

0 

2 

E8H 

137.5 Kb/s 

11.986 MHz 

0 

0 

2 

1DH 

110 


0 

0 

2 

72H 

110 

12 MHz 

0 

0 

1 

FEEBH 
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RECEIVE enables SHIFT CLOCK to the 
alternate output function line of P3.1. SHIFT 
Clock makes transitions at S3P1 and S6P1 of 
every machine cycle, at S6P2 of every 
machine cycle in which RECEIVE is active, 
the contents of the receive shift register are 
shifted to the left one position. The value that 
comes in from the right is the value that was 
sampled at the P3.0 pin at S5P2 of the same 
machine cycle. 

As data bits come in from the right, 1s shift 
out to the left. When the 0 that was initially 
loaded into the right-most position arrives at 
the left-most position in the shift register, it 
flags the RX Control block to do one last shift 
and load SOBUF. At SI PI of the 10th 
machine cycle after the write to SCON that 
cleared Rl, RECEIVE is cleared as Rl is set. 

More about Mode 1 

Ten bits are transmitted (through TxD), or 
received (through RxD): a start bit (0), 8 data 
bits (LSB first), and a stop bit (1 ). On 
receive, the stop bit goes into RB8 in SCON. 
In the 8051 the baud rate is determined by 
the Timer 1 overflow rate. 

Figure 16 shows a simplified functional 
diagram of the serial port in Mode 1 , and 
associated timings for transmit/receive. 

Transmission is initiated by any instruction 
that uses SOBUF as a destination register. 
The “write to SOBUF” signal also loads a 1 
into the 9th bit position of the transmit shift 
register and flags the TX Control unit that a 
transmission is requested. Transmission 
actually commences at SI PI of the machine 
cycle following the next rollover in the 
divlde-by-1 6 counter. (Thus, the bit times are 
synchronized to the divide-by-16 counter, not 
to the “write to SOBUF” signal). 

The transmission begins with activation of 
SEND which sends the start bit to pin TxD. 
One bit time later, DATA is activated, 
enabling the transmission of the output bit of 
the transmit shift register to TxD. The first 
shift pulse occurs one bit time after that. 

As data bits shift out to the right, zeros are 
clocked in from the left. When the MSB of the 
data byte is at the output position of the shift 
register, then the 1 that was initially loaded 
into the 9th position is just to the left of the 
MSB. and all positions to the left of that 
contain zeros. This condition flags the TX 
Control unit to do one last shift and then 
deactivate SEND and set Tl. This occurs at 
the 10th divide-by-16 rollover after “write to 
SOBUF”. Reception is initiated by a detected 


1 -to-O transition at RxD. For this purpose 
RxD is sampled at a rate of 16 times 
whatever baud rate has been established. 
When a transition Is detected, the 
dlvide-by-16 counter is immediately reset, 
and 1 FFH is written into the input shift 
register. Resetting the divlde-by-1 6 counter 
aligns its rollovers with the boundaries of the 
incoming bit times. The 16 states of the 
counter divide each bit time into 1 6th. At the 
7th, 8th, and 9th counter states of each bit 
time, the bit detector samples the value of 
RxD. The value accepted is the value that 
was seen in at least 2 of the 3 samples. This 
is done for noise rejection. If the value 
accepted during the first bit time is not 0, the 
receive circuits are reset and the unit goes 
back to looking for another 1-to-O transition. 
This is to provide rejection of false start bits. 

If the start bit proves valid, it is shifted into the 
input shift register, and reception of the rest 
of the frame will proceed. 

As data bits come in from the right, 1 s shift 
out to the left. When the start bit arrives at the 
left-most position in the shift register, (which 
in mode 1 is a 9-bit register), it flags the RX 
Control block to do one last shift, loads 
SOBUF and RB8, and set Rl. The signal to 
load SOBUF and RB8, and to set Rl, will 
generated if, and only if, the following 
conditions are met at the time the final shift 
pulse is generated. 

3. Rl = 0, and 

4. Either SM2 = 0, or the received stop 
bit=1 

If either of these two conditions is not met, 
the received frame is irretrievably lost. If both 
conditions are met, the stop bit goes into 
RB8, the 8 data bits go into SOBUF, and Rl is 
activated. At this time, whether the above 
conditions are met or not, the unit goes back 
to looking for a 1-to-O transition in RxD. 

More about modes 2 and 3 

Eleven bits are transmitted (through TxD), or 
received (through RxD); a start bit (0), 8 data 
bits (LSB first), a programmable 9th data bit, 
and a stop bit (1 ). On transmit, the 9th data 
bit (TB8) can be assigned the value of 0 or 1 . 
On receive, the 9th data bit goes into RB8 in 
SCON. The baud rate is programmable to 
either 1/32 or 1/64 the oscillator frequency in 
Mode 2. Mode 3 may have a variable baud 
rate generated from Timer 1 . 

Figures 17 and 18 show a functional diagram 
of the serial port in Modes 2 and 3. The 
receive portion is exactly the same as in 


Mode 1 . The transmit portion differs from 
Mode 1 only in the 9th bit of the transmit shift 
register. 

Transmission is initiated by any instruction 
that uses SOBUF as a destination register. 
The “write to SOBUF” signal also loads TB8 
Into the 9th bit position of the transmit shift 
register and flags the TX Control unit that a 
transmission is requested. Transmission 
commences at SI PI of the machine cycle 
following the next rollover in the dlvide-by-16 
counter (thus, the bit times are synchronized 
to the divide-by-16 counter, not to the “write 
to SOBUF” signal). The transmission begins 
with activation of SEND, which puts the start 
bit at TxD. One bit time later, DATA is 
activated, which enables the output bit of the 
transmit shift register to TxD. One bit time 
later, DATA is activated, which enables the 
output bit of the transmit shift register to TxD. 
The first shift pulse occurs one bit time after 
that. The first shift clocks a 1 (the stop bit) 
Into the 9th bit position of the shift register. 
Thereafter, only zeros are clocked in. Thus, 
as data bits shift out to the right, zeros are 
clocked in from the left. Then TB8 is at the 
output position of the shift register, then the 
stop bit is just to the left of TB8, and all 
positions to the left of that contains zeros. 
This condition flags the TX Control unit to do 
one last shift and then deactivate SEND and 
set Tl. This occurs at the 11th divide-by-16 
rollover after “write to SOBUF”. 

Reception is initiated by a detected 1-to-O 
transition at RxD. For this purpose RxD is 
sampled at a rate of 16 times whatever baud 
rate has been established. When a transition 
is detected, the divide-by-16 counter is 
immediately reset, and 1FFFH is written to 
the input shift register. 

At the 7th, 8th and 9th counter states of each 
bit time, the bit detector samples the value of 
RxD. The value accepted is the value that 
was seen in at least 2 of the 3 samples. If the 
value accepted during the first bit time is not 
0, the receive circuits are reset and the unit 
goes back to looking for another 1-to-O 
transition. If the start bit proves valid. It is 
shifted into the input shift register, and 
reception of the rest of the frame will 
proceed. As data bits come in from the right. 
Is shift out to the left. When the start bit 
arrives at the left-most position in the shift 
register (which in Modes 2 and 3 is a 9-bit 
register), it flags the RX Control block to do 
one last shift, load SOBUF and RB8, and set 
Rl. 
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The signal to load SOBUF and RB8, and to 
set Rl, will be generated If, and only if. the 
following conditions are met at the time the 
final shift pulse is generated. 

1 . Rl = 0, and 

2. Either SM2 = 0 or the received 9th data 
bit = 1 

If either of these conditions is not met, the 
received frame is irretrievably lost, and Rl is 
not set. If both conditions are met, the 
received 9th data bit goes into RB8, and the 
first 8 data bits 90 Into SOBUF. One bit time 
later, whether the above conditions were met 
or not, the unit goes back to looking for a 
1-to-O transition at the RxD Input. 

1 .6 Interrupt System 

External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronous to do execution of any 


particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution, a multiple-source, 
two-priority-level, nested interrupt system is 
provided. The 80CL51 acknowledges 
interrupt requests from thirteen sources as 
follows: 

- INTO and INT1 

- Timer 0 and Timer 1 

- UART serial I/O 

- INT2tolNT9(Port1) 

Each interrupt vectors to a separate location 
in program memory for its service routine. 
Each source can be individually enabled or 
disabled by corresponding bits in the Interrupt 
Enable Registers (IE, lEO). The priority level 
is selected via the Interrupt Priority register 
(IPO, I PI). All enabled sources can be 
globally disabled or enabled. 


1.6.1 External Interrupts INT2/INT9 

Port 1 lines serve an alternative purpose as 
eight additional interrupts INT2 to INT9. 
When enabled, each of these lines may 
“wake-up" the device from Power-down 
mode. Using the 1X1 register, each pin may 
be initialized to either active HIGH or LOW. 
IRQ1 is the interrupt request flag register. 
Each flag, if the interrupt is enabled, will be 
set on an interrupt request but must be 
cleared by software, i.e. via the interrupt 
software or when the interrupt is disabled. 

The Port 1 interrupts are level sensitive. A 
Port 1 interrupt will be recognized when a 
level (HIGH or LOW depending on Interrupt 
Polarity Register 1X1) on P lx Is held active 
for at least one machine cycle. The Interrupt 
Request is not served until the next machine 
cycle. 


INTERRUPT IENO/1 IPO/1 

SOURCES REGISTERS PRIORITY 



Figure 19. Interrupt System 
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Interrupt enable register lENO, IEN1 Interrupt priority register IPO, IP1 Interrupt polarity register 1X1 

lENO (ASH) IPO (B8H) IXl (E9H) 



Bit Symbol Function 

IEN0.7 EA General enable/disable control 

0 = no interrupt is enabled 

1 = any individually enabled 
Interrupt will be accepted 

IEN0.6 - Unused 

IEN0.5 ES1 Unused 

IEN0.4 ESO Enable UART SIO interrupt 

IEN0.3 ET1 Enable timer T1 interrupt 

IEN0.2 EX1 Enable external interrupt 

IEN0.1 ETO Enable Timer TO interrupt 

lENO.O EXO Enable external interrupt 0 


IEN1 (E8H) 



Bit Symbol Function 

lEN 1 .7 EX9 Enable external interrupt 9 

lEN 1 .6 EX8 Enable external interrupt 8 

lEN 1 .5 EX7 Enable external interrupt 7 

lEN 1 .4 EX6 Enable external interrupt 6 

IEN1.3 EX5 Enable external interrupts 

lEN 1 .2 EX4 Enable external interrupt 4 

IEN1.1 EX3 Enable external interrupts 

lEN 1 .0 EX2 Enable external interrupt 2 

where 0 = interrupt disabled 
1 = interrupt enabled 


Bit Symbol Function Bit Symbol Function 


IP0.7 

- 

Unused 

1X1.7 

IL9 

External interrupt 9 polarity level 

IP0.6 

- 

Unused 

IXl .6 

IL8 

External interrupt 8 polarity level 

IP0.5 

PS1 

Unused 

1X1.5 

1L7 

External interrupt 7 polarity level 

IP0.4 

PSO 

UART SIO interrupt 

1X1.4 

1L6 

External interrupts polarity level 

IP0.3 

PT1 

Timer 1 Interrupt priority level 

1X1.3 

IL5 

External interrupt 5 polarity level 

IPO. 2 

PX1 

External interrupt 1 priority 

1X1.2 

IL4 

External interrupt 4 polarity level 



level 

1X1.1 

IL3 

External interrupts polarity level 

IP0.1 

PTO 

Timer 0 interrupt priority level 

1X1.0 

IL2 

External interrupt 2 polarity level 

IPO.O 

PXO 

External interrupt 0 priority 






level 





interrupt request flag register IRQ1 
IRQ1 (COH) 



Bit Symbol Function IRQ1.7IQ9 External interrupt 9 request flag 

IP1 .7 PX9 External interrupt 9 priority level IRQ1 .6 IQS External interrupt 8 request flag 

IP1.6 PX8 External Interrupt 8 priority level IRQ1.5IQ7 External interrupt 7 request flag 

1P1 .5 PX7 External Interrupt 7 priority level IRQ1 .4 IQ6 External interrupt 6 request flag 

IP1.4 PX6 External interrupt 6 priority level 1RQ1.3 1Q5 External interrupt 5 request flag 

IP1 .3 PX5 External Interrupt 5 priority level IRQ1 .2 IQ4 External interrupt 4 request flag 

IP1.2 PX4 External interrupt 4 priority level IRQ1.1IQ3 External interrupt 3 request flag 

IP1 .1 PX3 External interrupt 3 priority level IRQ1 .0 IQ2 External interrupt 2 request flag 

IP1 .0 PX2 External interrupt 2 priority level 

Interrupt priority is as follows: 

0 = low priority 

1 = high priority 
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1.6.2 Interrupt Vectors 



Vector 

Source 

xo 

0003H 

External 0 

so 

0023H 

UART SIO 

X5 

0053H 

External 5 

TO 

OOOBH 

Timer 0 

X6 

005BH 

External 6 

XI 

001 3H 

External 1 

X2 

003BH 

External 2 

X7 

0063H 

External 7 

T1 

001 BH 

Timer 1 

X3 

0043H 

External 3 

X8 

006BH 

External 8 

X4 

004BH 

External 4 

X9 

0073H 

External 9 


Interrupt priority 

Each interrupt priority source can be set to 
either high or low priority. If both priorities are 
requested simultaneously, the controller will 
branch to the high priority vector. 

A low priority interrupt can only be interrupted 
by a high priority interrupt. A high priority 
interrupt routine cannot be interrupted. 

1.6.3 Related registers 

The following registers are used in 
conjunction with the interrupt system; 


Register Function 

1X1 Interrupt polarity register 

IRQ1 Interrupt enable register 

IEN1 Interrupt enable register (INT2-INT9) 

IPO Interrupt priority register 

IP1 Interrupt priority register (INT2-INT9) 

1 .7 Oscillator registers 

The on-chip circuitry of the 80CL51 is a 
single-stage inverting amplifier biased by an 
internal feedback resistor (Figure 21). For 
operation as standard quartz osdllator, no 
external components are needed except at 
32 KHz. When using external capacitors, 
ceramic resonators, coils and RC networks to 
drive the oscillator, five different 
configurations are supported (see Figure 22 
and oscillator options). 

In the Power-down mode the oscillator is 
stopped XTAL1 Is pulled HIGH. The oscillator 
inverter is switched off to ensure no current 
will flow regardless of the voltage at XTAL1. 
To drive the device with an external clock 
source, apply the external clock signal to 
XTAL1, and leave XTAL2 to float, as shown 


in Figure 22(f). There are no requirements on 
the duty cycle of the external clock, since the 
input to the internal clocking circuifry is split 
sing a flip-flop. 

The following options are provided for 
optimum on-chip oscillator performance. 
Please state option when ordering. 

1.7.1 Oscillator options (see Figure 22} 

32 kHz; Figure 22(c); An option for 32 kHz 
clock applications with external trimmer for 
frequency adjustment. A 4.7 MQ bias resistor 
is needed for use in parallel with the crystal. 


Osc. 2; 

Figure 22(e); An option for 
low-power, low-frequency 
operations using LC components. 

Osc. 3; 

An option for medium frequency 
range applications. 

Osc. 4: 

An option for high frequency range 
applications. 

RC: 

Figure 22(g); An option for an RC 
oscillator. 


Vdd 



Figure 21. Oscillator 
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OSCILLATOR TYPE SELECTION GUIDE 


RESONATOR 

f(MHz) 

OPTION 

Cl EXT. (pF) 

C2EXT.(pF) 

MAX. RESONATOR 

SERIES RESISTANCE 

MIN. 

MAX. 

MIN. 

MAX. 

Quartz 

0.032 

32 kHz 

0 

0 

5 

15 

15kO(1) 

Quartz 

1.0 

OSC.2 

0 

30 

0 

30 

600 0 

Quartz 

3.58 

OSC.2 

0 

15 

0 

15 

100 O 

Quartz 

4.0 

OSC.2 

0 

20 

0 

20 

75 0 

Quartz 

6.0 

OSC.3 

0 

10 

0 

10 

60 O 

Quartz 

10.0 

OSC.4 

0 

15 

0 

15 

60 O 

Quartz 

12.0 

OSC.4 

0 

10 

0 

10 

40 O 

Quartz 

16.0 

OSC.4 

0 

15 

0 

15 

20 0 

PXE 

0.455 

OSC.2 

40 

50 

40 

50 

10 O 

PXE 

1.0 

OSC.2 

15 

50 

15 

50 

100 O 

PXE 

3.58 

OSC.2 

0 

40 

0 

40 

10 O 

PXE 

4.0 

OSC.2 

0 

40 

0 

40 

10 O 

PXE 

6.0 

OSC.2 

0 

20 

0 

20 

50 

PXE 

10.0 

OSC.3 

0 

15 

0 

15 

60 

PXE 

12.0 

OSC.4 

10 

40 

10 

40 

60 

LC 


OSC.2 

20 

90 

20 

90 

10 pH = 1 O 

100 pH = 5 0 

1 mH = 75 O 


NOTE: 

1 . 32 kHz quartz crystals with a series resistance higher than 15 kO will reduce the guaranteed supply voltage range to 2.5 -3.5V. 

2. The equivalent circuit data of the internal oscillator compares with that of matched crystals. 


OSCILLATOR EQUIVALENT CIRCUIT PARAMETERS (see Figure 23) 


PARAMETER 

OPTION 


CONDITION 


TYP. 

MAX. 

UNIT 

Transconductance 

32 kHz 


T = +25 °C; Vdd = 4.5V 



- 

ps 


Osc.2 


T = +25 °C: Vdd = 4.5V 



mSm 

ps 


Osc.3 

9m 

T = +25 °C; Vdd = 4.5V 




ps 


Osc.4 

9m 

T = +25 OC; Vdd = 4.5V 




ps 

Input Capacitance 

32 kHz 

Cli 




- 

pF 


Osc. 2 

Clj 


- 


- 

pF 


Osc. 3 

Cli 


- 


- 

pF 


Osc. 4 

Cli 




- 

pF 

Output Capacitance 

32 kHz 

C2i 


- 

23 

- 

pF 


Osc. 2 

C2i 


- 

8.0 

- 

pF 


Osc. 3 

C2i 


- 

8.0 

- 

pF 


Osc. 4 

C2i 


- 

8.0 

- 

pF 

Output Capacitance 

32 kHz 

R2 


- 

3800 

- 

kO 


Osc. 2 

R2 


- 

65 

- 

kO 


Osc. 3 

R2 


- 

18 

- 

kO 


Osc. 4 

R2 


- 

5.0 

- 

kO 
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1.7.3 RC Oscillator (see Figurre 16) 

The externally adjustable RC-oscillator has a frequency range from 100 kHz to 500 kHz. 



Figure 23. Equivalent Circuit Diagram 
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1.8 Reset Circuitry 

To initialize the 80CL51 , a reset is performed 
by either of two methods: 

-via the RST pin 
-via a power-on-reset 

It leaves the internal registers as follows: 


REGISTER 

CONTENT 

ACC 

OOOO 0000 

B 

0000 0000 

DPL 

0000 0000 

DPH 

0000 0000 

lENO 

0000 0000 

IEN1 

0000 0000 

IPO 

XXOO 0000 

IP1 

0000 0000 

1X1 

0000 0000 

IRQ1 

0000 0000 

PCH 

0000 0000 

PCL 

0000 0000 

PCON 

OXXX 0000 

PSW 

0000 0000 

P0-P3 

1111 1111 

SOBUF 

xxxx xxxx 

SOCPN 

0000 0000 

SP 

0000 0111 

TCON 

0000 0000 

THO, TH1 

0000 0000 

TLO, TH1 

0000 0000 

TLO, TL1 

0000 0000 

TMOD 

0000 0000 


The reset state of the port pins is mask- 
programmable and can therefore be defined 
by the user. 


The standard reset value for port P0-P3 is 
1111 1111 . 

The reset input to the 80CL51 is RST pin 9. A 
Schmitt trigger qualifies the input for noise 
rejection. The output of the Schmitt trigger is 
sampled by the reset circuitry every machine 
cycle. 

A reset is accomplished by holding the RST 
pin HIGH for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. The CPU responds by generating an 
internal reset. Port pins adopt their reset state 
immediately after RST goes HIGH. During 
reset ALE and PSEN are held HIGH. 

The external reset is asynchronous to the 
internal clock. The RST pin is sampled during 
State 5. Phase 2 of every machine cycle. 
After a HIGH is detected at the RST pin, an 
internal reset is repeated every cycle until 
RST goes LOW. 

The internal RAM is not affected by reset. 
When Vdd is turned on the RAM contents are 
indeterminate. 

1 .8.1 Power-on reset 

The 80CL51 contains on-chip circuitry which 
switch the port pins to the customer defined 
logic level as soon as Vqd exceeds 
1 .3V. As soon as the minimum supply voltage 
is reached, the oscillator will start up. 
However, to ensure that the oscillator is 
stable before the controller starts, the clock 


signals are gated away from the CPU for a 
further 1536 oscillator periods. 

A hysteresis of approximately 50 mV at a 
typical power-on switching level of 1.3 V will 
ensure correct operation. 

An automatic reset can be obtained at 
power-on by connecting the RST pin to Vqd 
via a lOpF capacitor. At power-on, the 
voltage on the RST pin is equal to Vqd minus 
the capacitor voltage, and decreases from 
Vdd as the capacitor discharges through the 
internal resistor Rrst to ground. The larger 
the capadtor, the more slowly Vrst 
decreases Vrst must remain above the lower 
threshold of the Schmitt trigger long enough 
to effect a complete reset. The time required 
is the oscillator start-up time, plus 2 machine 
cycles. 

2.0 INSTRUCTION SET (see page 25) 
The 80CL51 uses a powerful instruction set 
which permits the expansion of on-chip CPU 
peripherals and optimizes byte efficiency and 
execution speed. Assigned opcodes add new 
high-power operation and permit new 
addressing modes. The instruction set 
consists of 49 single-byte, 46 two-byte and 
16 three-byte instructions. When using a 
12 MHz oscillator, 64 Instructions execute in 
IpS and 45 In 2jiS. Multiply and divide 
instructions execute in 4p.s. 
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INSTRUCTION SET 


MNEMONC 

DESCRIPTION 

BYTES 

/CYCLES 

OPCODE 

(HEX.) 

I Arithmetic Operations | 

ADD 

A.Rr 

Add register to A 

1 

1 

2S* 

ADD 

A, direct 

Add direct byte to A 

2 

1 

25 

ADD 

A@R 

Add indirect RAM to A 

1 

1 

26, 27 

ADD 

A,#data 

Add immediate data to A 

1 

1 

24 

ADDC 

A.Rr 

Add register to A with carry flag 

1 

1 

3* 

ADDC 

A, direct 

Add direct byte to A with carry flag 

2 

1 

35 

ADDC 

A,(g>R 

Add indirect RAM to A with carry flag 

1 

1 

36. 37 

ADDC 

A,#data 

Add immediate data to A with carry flag 

2 

1 

34 

SUBB 

A.Rr 

Subtract register from A with borrow 

1 

1 

9* 

SUBB 

A, direct 

Subtract direct byte from A with borrow 

2 

1 

95 

SUBB 

A.taRi 

Subtract indirect RAM from A with borrow 

1 

1 

96. 97 

SUBB 

A,#data 

Subtract immediate data from A with borrow 

2 

1 

94 

INC 

A 

Increment A 

1 

1 

04 

INC 

Rr 

Increment register 

1 

1 

0* 

INC 

direct 

Increment direct byte 

2 

1 

05 

INC 

<2)R 

Increment indirect RAM 

1 

1 

06, 07 

DEC 

A 

Decrement A 

1 

1 

14 

DEC 

Rr 

Decrement register 

1 

1 

1* 

DEC 

direct 

Decrement direct byte 

2 

1 

15 

DEC 

<a)R 

Decrement indirect RAM 

1 

1 

16. 17 

INC 

DPTR 

Increment data pointer 

1 

2 

A3 

MUL 

AB 

Multiply A & B 

1 

4 

A4 

DIV 

AB 

Divide A by B 

1 

4 

84 

DA 

A 

Decimal adjust A 

1 

1 

D4 

Logic Operations | 

ANL 

A,Rr 

AND register to A 

1 

1 

5* 

ANL 

A, direct 

AND direct byte to A 

2 

1 

55 

ANL 

A@R 

AND indirect RAM to A 

1 

1 

56,57 

ANL 

A,#data 

AND immediate data to A 

2 

1 

54 

ANI 

direct,A 

AND A to direct byte 

2 

1 

52 

ANL 

direct, #data 

AND immediate data to direct byte 

3 

2 

53 

ORL 

A.Rr 

OR register to A 

1 

1 

4* 

ORL 

A.direct 

OR direct byte to A 

2 

1 

45 

ORL 

A.@Ri 

OR indirect RAM to A 

1 

1 

46. 47 

ORL 

A,#data 

OR immediate data to A 

2 

1 

44 

ORL 

direct.A 

OR A to direct byte 

2 

1 

42 

ORL 

direct, #data 

OR immediate data to direct byte 

3 

2 

43 

XRL 

A,Rr 

Exclusive-OR register to A 

1 

1 

6* 

XRL 

A.direct 

Exclusive-OR direct byte to A 

2 

1 

65 

XRL 

A,<S)Ri 

Exclusive-OR indirect RAM to A 

1 

1 

66. 67 

XRL 

A,#data 

Exclusive-OR immediate data to A 

2 

1 

64 

XRL 

direct.A 

Exclusive-OR to direct byte 

2 

1 

62 

XRL 

direct, #data 

Exclusive-OR immediate data to direct byte 

3 

2 

63 

CLR 

A 

Clear A 

1 

1 

E4 
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INSTRUCTION SET (Continued) 


MNEMONC 

DESCRIPTION 

BYTES 

/CYCLES 

OPCODE 

(HEX.) 

I Logic Operations (Continued) | 

CPL 

A 

Complement A 

1 

1 

F4 

RL 

A 

Rotate A left 

1 

1 

23 

RLC 

A 

Rotate A left through the carry flag 

1 

1 

33 

RR 

A 

Rotate A right 

1 

1 

03 

RRC 

A 

Rotate A right throught the carry flag 

1 

1 

13 

SWAP 

A 

Swap nibbles within A 

1 

1 

C4 

I Data transfer | 

MOV* 

A,Rr 

Move register to A 

1 

1 

E* 

MOV 

A, direct 

Move direct byte to A 

2 

1 

E5 

MOV 

A@R 

Move indirect RAM to A 

1 

1 

E6, E7 

MOV 

A,#data 

Move immediate data to A 

2 

1 

74 

MOV 

Rr.A 

Move A to register 

1 

1 

F* 

MOV 

Redirect 

Move direct byte to register 

2 

2 

A* 

MOV 

Rr,#data 

Move immediate data to register 

2 

1 

T 

MOV 

direct, A 

Move A to direct byte 

2 

1 

F5 

MOV 

direct, Rr 

Move register to direct byte 

2 

2 

8* 

MOV 

direct, direct 

Move direct byte to direct 

3 

2 

85 

MOV 

direct, @Ri 

Move indirect RAM to direct byte 

2 

2 

86, 87 

MOV 

direct,#data 

Move immediate data to direct byte 

3 

2 

75 

MOV 

@Ri,A 

Move A to indirect RAM 

1 

1 

F6, F7 

MOV 

@Ri, direct 

Move direct byte to indirect RAM 

2 

2 

A6, A7 

MOV 

(2>Ri,#data 

Move immediate data to indirect RAM 

2 

1 

76, 77 

MOV 

DPTR,#data16 

Load data pointer with a 16-bit constant 

3 

2 

90 

Move 

A,<2)A-hDPTR 

Move code byte relative to DPTR to A 

1 

2 

93 

Move 

A,(2>A+PC 

Move code byte relative to PC to A 

1 

2 

83 

MOVX 

A,@Ri 

Move external RAM (8-bit address) to A 

1 

2 

E3, E3 

MOVX 

A,@DPTR 

Move external RAM (16-bit address) to A 

1 

2 

EO 

MOVX 

@Ri,A 

Move A to external RAM (8-blt address) 

1 

2 

F2, F3 

MOVX 

(a>DPTR,A 

MOV A to external RAM (1 6-bit address) 

1 

2 

FO 

PUSH 

direct 

Push direct byte onto stack 

2 

2 

CO 

POP 

direct 

Pop direct byte from stack 

2 

2 

DO 

XCH 

A,Rr 

Exchange register with A 

1 

1 

C* 

XCH 

A,direct 

Exchange direct byte with A 

2 

1 

C5 

XCH 

A,@Ri 

Exchange indirect RAM with A 

1 

1 

C6, C7 

XCHD 

A,(3>Ri 

Exchange LOW-order digit indirect RAM with A 

1 

1 

D6, D7 
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INSTRUCTION SET (Continued) 


MNEMONIC 

DESCRIPTION 

BYTES 

/CYCLES 

OPCODE 

(HEX.) 

1 Bit-Operations | 

CLR 

C 

Clear carry flag 

1 

1 

C3 

CLR 

bit 

Clear direct bit 

2 

1 

C2 

SETB 

C 

Set carry flag 

1 

1 

D3 

SETB 

bit 

Set direct bit 

2 

1 

D2 

CPL 

C 

Complement carry flag 

1 

1 

B3 

CPL 

bit 

Complement direct bit 

2 

1 

B2 

ANL 

C.bit 

AND direct bit to carry flag 

2 

2 

82 

ANL 

C/bit 

AND direct bit to carry flag 

2 

2 

BO 

ORL 

Cbit 

OR direct bit to carry flag 

2 

2 

72 

ORL 

C /bit 

OR complement of direct bit to carry flag 

2 

2 

AO 

MOV 

C.bit 

Move direct bit to carry flag 

2 

1 

A2 

MOV 

bit.C 

Move carry flag to direct bit 

2 

2 

92 

Program and Machine Control | 

ACALL 

addril 

Absolute subroutine call 

2 

2 

*Maddr 

LCALL 

addri 6 

Long subroutine call 

3 

2 

12 

RET 


Return from subroutine 

1 

2 

22 

RETI 

addri 1 

Return from interrupt 

1 

2 

32 

AJMP 

addri 6 

Absolute jump 

2 

2 

**1addr 

LJMP 

rel 

Long jump 

3 

2 

02 

SJMP 

rel 

Short jump (relative address) 

2 

2 

80 

JMP 

<S>A+DPTR 

Jump indirect relative to the DPTR 

1 

2 

73 

JZ 

rel 

Jump if A is zero 

2 

2 

60 

JN2 

rel 

Jump if A Is not zero 

2 

2 

70 

JC 

rel 

Jump if carry flag Is set 

2 

2 

40 

JNC 

rel 

Jump if no carry flag 

2 

2 

50 

JB 

bit, rel 

Jump if direct bit is set 

3 

2 

20 

JNB 

bit, rel 

Jump if direct bit is not set 

3 

2 

30 

JBC 

bit,rel 

Jump if direct bit is set and clear bit 

3 

2 

10 

CJNE 

A,direct ,rel 

Compare direct to A and jump if not equal 

3 

2 

B5 

CJNE 

A,#data,rel 

Compare immediate to A and jump if not equal 

3 

2 

B4 

CJNE 

Rr,#data,rel 

Compare immediate to reg. and jump if not equal 

3 

2 

B* 

CJNE 

(S>Ri,#data,rel 

Compare immediate to ind. and jump if not equal 

3 

2 

B6. B7 

DJNZ 

Rr,rel 

Decrement register and jump If not zero 

2 

2 

D* 

DJNZ 

direct, rel 

Decrement direct and jump If not zero 

3 

2 

D5 

NOP 


No operation 

1 

1 

00 


NOTES: 


Data addressing modes: 


Rr 

direct 

@Ri 

#data 

bit 

addr16 

addr11 

rel 


Working register RO - R7 

1 28 internal RAM locations and any special function register (SFR) 

Indirect internal RAM location addressed by register RO or R1 . 

8-bit constant included in instruction 
Direct constant included in instruction 

16-bit destination address. Used by LCALL and LJMP. The branch will be anywhere within the 64K-byte program memory 
address space. 

11 -bit destination address. Used by ACALL and AJMP. The branch will be within the same 2K-byte page of program memory as 
the first byte of the following instruction. 

Signed ftwo's complement) 8-bit offset byte. Used by SMJP and all conditional jumps. Range is -1 28 to +128 bytes relative to first 
byte of tne following instruction. 


Hexadecimal opcode cross-reference 
* :8, 9. A. B ,C ,D ,E ,F. 
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*** ;01.21.41,61.81, A1, Cl, E1. 

3.0 RATINGS 

Limiting values in accordance with the Absolute Maximum System (lEC 134) 


PARAMETER 

SYMBOL 

MIN. 

MAX. 

UNIT 

Supply voltage (pin 40) 

Vdd 

-0.5 

+ 6.5 

V 

All input voltages 

Vi 

-0.5 


V 

DC current into any input or output 

li. b 


5 

mA 

Total power dissipation 

Ptot 

- 

300 

mW 

Storage temperature range 

Tstg 

-65 

+150 

°C 

Operating ambient temperature range 

Tamb 

-40 

+85 

°C 

Operating junction temperature 

Tj 

- 

125 

°C 
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4.0 DC CHARACTERISTICS 

Vss = OV; Tamb = -40 to +85°C; all voltages with respect to Vss unless otherwise specified. 


PARAMETER 

CONDITIONS 

SYMBOL 

MIN. 

TYP. 



Supply voltage 

> 

o 

II 

> 

Vdd 

1.8 

- 

6.0 

V 

RAM retention in power down mode 


Vdd 

I 

- 

- 

V 

Supply current operating (note 1 ) | 

OSC 1 option 

folk = 32 KHz 

Vdd = 1.8 V 

Tamb-25°C 

Idd 



50 

pA 

OSC 2 option 

fdk = 3.58 MHz 

Vdd = 3V 

Idd 

- 

- 

2.5 

mA 

OSC 3 option 

fdk = 12 MHz 

Vdd = 5V 

•dd 

■ 

- 


mA 

Idle Mode (Note 2) 

OSC 1 option 

fdk = 32 KHz 

Vdd = 1-8V 

Tamb = 25°C 

bo 

- 

■ 

■ 

pA 

OSC 2 option 

fdk = 3.58 MHz 

Vdd = 3V 

•dd 

- 

- 


IB 

OSC 3 option 

fdk=12MHz 

Vdd = 5V 

Idd 

- 

- 

7.5 

■mm 

Power down (note 3) 

Vdd= 1-8V, 

Tamb = 25°C 

IpD 

- 


10 



Input voltage LOW 



Vss 

- 

0.3Vdd 

■■ 

Input voltage HIGH 



0-7Vdd 

- 

Vdd 

Ss 

Input current logic 0 

Vdd = 5V.V,n = 0.4V 



- 

100 


(Port 1 , 2. 3) 

Vdd = 2,5V. V|N = 0.4V 




50 

HSiH 

Input current logic 1 to 0 transition 

Vdd = 5V.V,n = Vdd/2 

Itl 

- 

- 

1.0 


(Port 1 , 2, 3) 

Vdd = 2.5V. V,N = VD[y2 

Itl 

- 

- 

500 

BOB 

Input leakage current 
(Port 0. EA) 

< 

A 

< 

A 

< 

D 

O 

+/I|L 

- 

- 

10 

mom 


Output sink current LOW 

Vdd = 5V.Vol = 0.4V 

loL 

1.6 





Vdd = 2.5V, VoL= 0.4V 

loL 

0.7 

- 

- 

mA 

Output source current HIGH 

Vdd = 5V 






(push-pull options only) 

Vqh = Vdd -0.4V 

-loH 

1.6 

_ 

- 

mA 


Vdd = 2.5V 

VoH = Vdd -0.4V 

-loH 

0.7 



mA 

RST pull-down resistor 


Rrst 

10 

- 

200 

kn 


NOTES: 

2. The operating supply current is measured with all output pins disconnected: XTAL 1 driven with tr = tf = 10ns: Vil = Vss; Vih = Vdd; XTAL 2 
not connected: EA = RST = Port 0 = Vqd: all open drain outputs connected to Vss- 

3. The Idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with V = tf = 10ns: V|l = Vss- XTAL 2 not 
connected: EA = Port 0 = Vqd: RST = Vss; all open drain outputs connected to Vss. 

4. The power-down current is measured with all output pins disconnected; XTAL 1 not connected; EA = Port 0 = Vqd; RST = Vss; all open drain 
outputs connected to Vss. 
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5.0 AC CHARACTERISTICS 

Vdd = 5 V; Vss = OV; Tamb = -40 to +85°C; Cl = 50 pF for Port 0, ALE and PSEN; Cl = 40 pF for all other outputs, unless otherwise specified. 

PROGRAM MEMORY (See Figure 28) 




PARAMETER 

SYMBOL 

MIN. 

TYP. 



ALE pulse duration 

tLL 

2Tck‘40 

- 

- 

ns 

Address set-up time to ALE 

Ul 

Tck-40 

- 

- 

ns 

Address hold time to ALE 

tLA 

Tck-35 

- 

- 

ns 

Time from ALE to control pulse PSEN 

tLC 

Tck-25 

- 

- 

ns 

Time from ALE to valid instruction input 

tiiv 

- 

- 

4Tck-100 

ns 

Control pulse duration PSEN 

tcc 

3Tck-35 

- 

- 

ns 

Time from PSEN to valid instruction input 

tciv 

- 

- 

3Tck-125 

ns 

Input instruction hold time after PSEN 

tci 

0 

- 

- 

ns 

Input instruction float delay after PSEN 

tciF 

- 

- 

Tck-20 

ns 

Address to valid instruction input 

tAIV 

- 

- 

5Tck-115 

ns 

Address float time to PSEN 

tAFC 

0 

- 

- 

ns 


EXTERNAL DATA MEMORY (See Figures 29 and 30) 



VARIABLE CLOCK 

PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

RD pulse duration 

tRR 

6Tck-100 

- 

- 

ns 

WR pulse duration 

tww 

6Tck-100 

- 

- 

ns 

Address hold time after ALE 

tLA 

Tck-35 

- 

- 

ns 

RD to valid data input 

tRD 

Tck-35 

- 

5Tck-165 

ns 

Data float delay after RD 

toFR 

- 

- 

2Tck-70 

ns 

Time from ALE to valid data input 

tLD 

- 

- 

8Tck-150 

ns 

Address to valid data input 

tAD 

- 

- 

9Tck-165 

ns 

Time from ALE to RD and WR 

tLW 


- 

3Tck+50 

ns 

Time from address to RD and WR 

tAW 


- 

- 

ns 

Time from RD or WR HIGH to ALE HIGH 

tWHLH 

Tck-40 

- 

Tck-40 

ns 

Data valid to WR transition 

towx 

Tck-60 

- 

- 

ns 

Data set-up time before WR 

tow 


- 

- 

ns 

Data hold time after WR 

tWD 

Tck-50 

- 

- 

ns 

Address float delay after RD (note 1 ) 

tWAFR 

- 

- 

12 

ns 


NOTE: 

1 . Interfacing the 80CL51 to devices with float times up to 75 ns is permitted. This limited bus connection will not cause damage to Port 0 
drivers. 
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Figure 30. Write to Data Memory 
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DOT TED UN ES 
ARE VAUD WHEN 
RD OR WR 
ARE ACTIVE 


ONLY ACTIVE 
DURING A READ 
FROM EXTERNAL 
DATA MEMORY 


ONLY ACTIVE 
DURING A WRITE 
TO EXTERNAL 
DATA MEMORY 


EXTERNAL 

PROGRAM 

MEMORY 

FETCH 


READ OR WRITE 
OF EXTERNAL 
DATA MEMORY 



Figure 31. Instruction Cycle Timing 
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DESCRIPTION 

The 80CL52 is manufactured in an advanced 
CMOS technology. The instruction set of the 
80CL52 is based on that of the 8051 . The 
80CL52 is an 8-bit general purpose 
microcontroller especially suited for cordless 
telephone applications. The device has low 
power consumption and a wide range of 
supply voltage. For emulation purposes, tfie 
85CL781 (Piggy-back version) with 256 bytes 
of RAM is recommended. The 80CL52 has 
two software selectable modes of reduced 
activity for further power reduction; Idle and 
Power-down. The 80CL52 also functions as 
an arithmetic processor having facilities for 
both binary and BCD arithmetic plus 
bit-handling capabilities. The instruction set 
consists of over 100 instructions; 49 
one-byte, 46 two-byte, and 16 three-byte. 


FEATURES 

• Full static 80C51 CPU 

• 8-blt CPU. ROM, RAM. I/O in a single 
package 

• 8K X 8 ROM, expandable externally to 64K 
bytes 

• 256 bytes RAM, expandable externally to 
64K bytes 

• Four 8-bit ports, 32 I/O lines 

• Three 16-bit timer/event counters 

• External memory expandable up to 128K, 
external ROM 

• up to 64K and/or RAM up to 64K 

• On-chip oscillator suitable for RC, LC, 
quartz crystal or ceramic resonator 

• Fourteen source, fourteen vector interrupt 
structure witti two priority levels 


• Full duplex serial UART 

• Enhanced architecture with; 

- non-page oriented instructions 

- direct addressing 

- four eight byte RAM register banks 

- stack depth limited only by available 
internal RAM (max. 256 bytes) 

- multiply, divide, subtract and compare 
instructions 

• Power-down and IDLE instructions 

• Wake-up via external interrupts at Port 1 

• Single supply voltage of 1.8 V to 6.0 V 

• Frequency range of 32 kHz to 12 MHz 

• Very low current consumption 

• Operating temperature range; -40 to 
+85 °C 


ORDERING INFORMATION 


PHILIPS PART ORDER 
NUMBER PART MARKING 

PHIUPS NORTH AMERICA ^ 
PART ORDER NUMBER 

TEMPERATURE RANGE °C 


DRAWING 

ROMIess 

ROM 

ROMIess 

ROM 

AND PACKAGE 

FREQUENCY 

NUMBER 

P80CL32HFP 

P80CL52HFP 

P80CL32HFP N 

P80CL52HFP N 

-40 to +85 40-Pin Plastic DIP^ 

32KHzto 12MHz 

SOT129 

P80CL32HFH 

P80CL52HFH 

P80CL32HFH B 

P80CL52HFH B 

-40 to +85 44-Pin Plastic QFP^ 

32KHZ to 12MHz 

SOT205 


NOTES: 


1 . DIP = Dual In-line Package 

2. QFP = Quad Flat Pack 

3. Parts ordered by the Philips North America part number will be marked with the Philips part marking. 


PIN CONFIGURATIONS 


iNTzrrz P1.0 jT 


^ Vdd 

iNTsrrzEX P1.1 U 


39 ] PO.OADO 

INT4 P1.2 [T 


^ P0.1 ADI 

INT5 P1.3 [T 


37 ] P0.2AD2 

INT6 P14 U 


^ P0.3AD3 

INT7 P1.5 [T 


ID P0.4A04 

IMT8 P1.6 [T 


^ P0.SADS 

INT9 P1.7 (T 


ID P0.6AD6 

RST [W 


^ P0.7AD7 

RxD/dataP3.0 Qo 

80CL52HFP 

iD TEA 

TxD/clock P3.1 Qi 


^ ALE 

TRTOP3.2 01 


ID PSER 

TNTTP3.3 [13 


ID P2.7A15 

T0P3.4 [14 


ID P2.6A14 

T1 P3.5 01 


^ P2.5A13 

WR P3.6 [ii 


ID P2.4A12 

TlbP3.7 [^ 


ID P2.3A11 

XTAL2 [ii 


^ P2.2A10 

XTALI [i| 


ID P2.1 A9 

Vss H 


ID P2.0A8 


£ £ £ £ £ ^ 


a Q Q Q 

S 9 ^ « 

> £ £ £ £ 



P0.4/AD4 

P0.5/AD5 

P0.6/AD6 

P0.7/AD7 

EA 

NC 

ALE 

F5ER 

P2.7/A15 

P2.6/A14 

PZ5/A13 
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PIN DESCRIPTIONS 


PIN 

DESIGNATION 

FUNCTION 

40 

P1.0/INT27r2 

Port 1 : Port 1 is an 8-bit bidirectional I/O port with internal pullups. Port 1 pins that have 1 s 

41 

P1.1/INT3/T2EX 

written to them are pulled HIGH by the internal pullups, and in that state can be used as inputs. 

42 

P1.2/INT4 

The Port 1 output buffer can sink/source 4 LS TTL loads. As Inputs, Port 1 pins that are 

43 

P1.3/INT5 

externally pulled LOW will source current (In, in the characteristics) due to the internal 

44 

P1.4/INT6 

pullups. Port 1 also serves the alternative Unctions INT2 to INT9, and Timer T2 external input. 

1 

P1.5/INT7 


2 

P1.6/INT8 


3 

P1.7/INT9 


4 

RST 

Reset: A high level on this pin for two machine cycles while the oscillator is running resets the 
device. 

5, 7-13 

P3.0-P3.7 

Port 3; Port 3 is an 8-blt bidirectional I/O port with internal pull-ups. The Port 3 output buffers 
can sink/source 4 LS TTL inputs. Port 3 pins that have 1 s written to them are pulled HIGH by 
the internal pull-ups, and in that state can be used as inputs. As inputs. Port 3 pins that are 
externally pulled LOW will source current (I|l in the characteristics) due to the internal pull-ups. 

5 

P3.0/RXD/data 

RXD/data: serial port receiver data input (asynchronous)or data input/output (synchronous) 

7 

P3.1/TXD/clock 

TXD/clock: serial port transmitter data output (asynchronous) or clock output (synchronous) 

8 

P3.2/fNT0 

INTO: External interrupt 0. 

9 

P3.3/rmT. 

INTI : External interrupt 1. 

10 

P3.4/T0 

TO: Timer 0 external input. 

11 

P3.5/T1 

T1 : Timer 1 external input. 

12 

P3.6ywn 

WR: External data memory write strobe. 

13 

P3.7/Rn 

HD: External data memory read strobe. 

14 

XTAL2 

Crystal output: output of the inverting amplifier of the oscillator. Left open when external dock 
is used.Crystal input: input to the inverting amplifier of the oscillator, also the input for an exter- 
nally generated clock source. 

15 

XTAL1 

Crystal input: Input to the inverting amplifier of the osdilator; also the input for an externally 
generated clock source. 

16 

Vss 

Ground: Circuit ground potential. 

17 

Test/ Vss 

Test input: must be connectd to Vss o*" •©ft open. 

18-25 

P2.0-P2.7 

Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pullups. Port 2 pins that have Is writ- 
ten to them are pulled HIGH by the internal pullups, and In that state can be used as Inputs. The 
Port 2 output buffer can sInk/source 4 LS TTL loads. Port 2 emits the high-order address byte 
during accesses to external memory that use 16-bit addresses (MOVX (3>DPTR). In this applica- 
tion it uses the strong internal pullups when emitting 1 s. During accesses to external memory 
that use 8-bit addresses (MOVX @Ri). Port 2 emits the contents of the P2 Spedal Function 
Register. 

26 

PSER 

Program store enable output: read strobe to external program memory. When executing code 
out of external program memory, PSEN Is activated twice each machine cycle. However, during 
each access to external data memory two P5ER activations are skipped. 

27 

ALE 

Address Latch Enable: output pulse for latching the low byte of the address during access to 
external memory. ALE is emitted at a constant rate of 1/6 of the oscillator frequency, and may 
be used for external timing or clocking purposes. 

29 

EA 

External Access: When EA is held High the CPU executes out of internal program memory 
(unless the program counter exceeds 1FFFH). Holding EA LOW forces the CPU to execute out 
of external memory regardless of the value of the program counter. 

30-37 

PO.O-P00.7 

Port 0: Port 0 is an 8-bit open drain bidirectional I/O port. As an open drain output port it can 
sink 8 LS TTL loads. Port 0 pins that have Is written to them float, and in that state will function 
as high impedance inputs. Port 0 is also tiie multiplexed low order address and data bus during 
access to external memory. In this application it uses strong internal pull-ups when emitting logic 
Is. Power supply 

38 

Vdd 

Power supply. 


January 1 993 
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BLOCK DIAGRAM 


TO Ti IRTtS IRTT 



PO PI P2 P3 TXD RXD T2 T2EX 


(o) ALTERNATE FUNCTION OF PORT 0 
® ALTERNATE FU NOTION OF PORT 1 
® ALTERNATE FU NOTION OF PORT 2 
@ ALTERNATE FU NOTION OF PORT 3 


POWER 

SUPPLY 


Vqd 


Vss^ 


FUNCTIONAL DIAGRAM 
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1.0 FUNCTIONAL DESCRIPTION 
General 

The 80CL52 is a stand-alone 
high-performance CMOS microcontroller 
designed for use in real-time applications 
such as instrumentation, industrial control, 
intelligent computer peripherals and 
consumer products. 

The device provides hardware features, 
architectural enhancements and new 
instructions to function as a controller for 
applications requiring up to 64K bytes of 
program memory and/or up to 64K bytes of data 
storage. 

The 80CL52 contains a non-volatile 8K byte x 
8 read-only program memory; a static 256 byte 
X 8 read/write data memory; 32 I/O lines; three 
16-bit timer/event counters; a fourteen-source 
two priority-level, nested interrupt structure and 
on-chip oscillator and timing circuit. 

The device has two software selectable modes 
of reduced activity for power reduction; IDLE 
and Power-down. The Idle mode freezes the 
CPU while allowing the RAM, timers, serial I/O 
and interrupt system to continue functioning. 
The Power-down mode saves the RAM 
contents but freezes the oscillator causing all 
other chip functions to be inoperative. 

In addition, the device provides a standard 
UART serial interface. 

CPU timing 

A machine cycle consists of a sequence of 6 
states. Each state time lasts for two oscillator 
periods, thus a machine cycle takes 1 2 
oscillator periods or 1 ms if the oscillator 
frequency is 1 2 MHz. 

Note: This datasheet covers only the special 
features of the 80CL52. For details on the 
80CL52 core and the I^C-bus functions see the 
user manual: 

SINGLE-CHIP 8-BIT MICROCONTROLLER 
(USER MANUAL) 

- The MAB8051/C51 microcontroller 
family. 

1.1 Memory organization 

The 80CL52 has a 8K Program Memory 
(ROM) plus 256 bytes of Data Memory 
(RAM) on board. The device has separate 
address spaces for Program and Data 
Memory (see Figure 1). Using Ports PO and 
P2, the 80CL52 can address up to 64K bytes 
of external memory. The CPU generates both 


read and write signals (RD and WR) for 
external Data Memory accesses, and the 
read strobe (PSEN) for external Program 
Memory. 

1.1.1 Program Memory 

The 80CL52 contains 8K bytes of internal 
ROM. After reset the CPU begins execution 
at location OOOOH. The lower 8K bytes of 
Program Memory can be implemented in 
either on-chip ROM or externa! Memory. If 
the EA pin is strapped to Vdq, then program 
memory fetches from addresses OOOH 
through 1 FFFH are directed to the internal 
ROM. Fetches from addresses 20CX)H 
through FFFFH are directed to external ROM. 
Program counter values greater than 1 FFFH 
are automatically addressed to external 
memory regardless of the state of the EA pin. 

Please note that the first version of 80CL52 
does not support automatic memory 
switching for addresses greater than 
1FFFH. For customers using more than 8k 
byte memory it is recommended to work in 
external mode only. The automatic memory 
switching will be supported by a second 
version of 80CL52, becoming available in 
the 2nd half of 1993. 

1 .1 .2 Data Memory 

The 80CL52 contains 256 bytes of internal 
RAM and 32 Special Function Registers 
(SFR). Figure 1 shows the internal Data 
Memory space divided into the Lower 128, 
the Upper 128, and the SFR space. Internal 
RAM locations 0-127 are directly and 
indirectly addressable. Internal RAM 
locations 1 28-255 are only Indirectly 
addressable. The special function register 
locations 1 28-255 are only directly 
addressable. 

1 .1 .3 Special Function Registers 
The upper 1 28 bytes are the address 
locations of the SFRs. Figure 3 shows the 
Special Function Register (SFR) space. 

SFRs include the port latches, timers, 
peripheral control, serial I/O registers, etc. 
These registers can only be accessed by 
direct addressing. There are 1 28 bit 
addressable locations in the SFR address 
space (SFRs with addresses divisible by 
eight). 

1.1.4 Addressing 

The 80CL52 has five methods for addressing 
source operands; 

- Register 


- Direct 

- Register-Indirect 

- Immediate 

- Base-Register-plus 
Index-Register-Indirect 

The first three methods can be used for 
addressing destination operands. Most 
instructions have a "destination/source" field 
that specifies data type, addressing methods 
and operands involved. For operations other 
than MOVs, the destination operand is also a 
source operand. 

Access to memory addressing is as follows: 

- Registers in one of the four register 
banks through register, direct or indirect. 

- Internal RAM (256 bytes) through direct 
or register-indirect. 

- Special Function Register through 
Direct. 

- External data memory through 
Register-Indirect 

- Program memory look-up tables through 
Base-Regi ster-plu s 
index-RegIster-indirect. 

1.2 I/O Facilities 

1.2.1 Ports 

The 80CL52 has 32 I/O lines treated as 32 
individually addressable bits or as four 
parallel 8-bit addressable ports. Port 0,1,2 
and 3 perform the following alternate 
functions: 

- Port 0; provides the multiplexed low-order 

address and data bus for 
expanding the device with 
standard memories and 
peripherals. 

- Port 1 : 

(1) provides the inputs for the 
external interrupts INT2 / INT9. 

(2) External counter/capture of Timer 2 

- Port 2: provides the high-order address 

when expanding the device with 
external program 

- Port 3: pins can be configured individually to 

provide; 

(1) external interrupt request inputs 

(2) counter input 

(3) control signals to read and write to 
external memories 

(4) UART input and output 
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OTo enable a Port 3 pin alternate function, the 
Port 3 bit latch In its SFR must contain a logic 
1. 

Each port consists of a latch (Special Function 
Registers PO to P3), an output driver and an 
input buffer. Ports 1 ,2,3 have internal pull-ups. 
Figure 4(a) shows that the strong transistor p1 
is turned on for only 2 oscillator periods after a 
O-to-1 transition in the port latch. When on, it 
turns on p3 (a weak pull-up) through the 
inverter. This inverter and p3 form a latch which 
hold the 1. In Port 0 the pull-up p1 is only on 
when emitting 1 s for external memory access. 
Writing a 1 to a Port 0 bit latch leaves both 
output transistors switched off so the pin can be 
used as a high-impedance input. 

1.2.2 Port Options 

Thirty of the 32 parallel port pins may be 
individually configured with one of the 
following options (see Figure 4). Please note 


that the options of port PI .6/PI .7 are fixed to 
2S (open drain) on the first version of 
80CL52. A second version of 80CL52 will 
become available in the 2nd half of 1993, 
where all options can be chosen for port 
PI. 6/PI .7. 

Option 1 : Standard Port; quasi-bidirectionai 
I/O with pull-up. The strong 
booster pull-up pi is turned on for 
two oscillator periods after a 0-to- 1 
transition in the port latch (see 
Figure 4(a)). 

Option 2: Open drain; quasi-bidirectionai I/O 
with n-channel open drain output. 
Use as an output requires the 
connection of an external pull-up 
resistor (see Figure 4(c)). This 
option does not Include tiie internal 
protection diode against Vdd for 
port PI. 6 and PI. 7. 


Option 3: Push-Pull; output with drive 

capability in both polarities. Under 
this option, pins can only be used 
as outputs (see Figure 4(b)). 

The definition of port options for port 0 is slightly 
different. Two cases have to be examined. 
First, accesses to external memory (EA=0 or 
access above the built -In memory boundary), 
second, I/O accesses. 

External Memory Accesses 

Option 1 : True 0 and 1 are written as address 
to the external memory (strong 
pull-up is used). 

Option 2: An external pull-up resistor is 
needed for external accesses. 
Option 3: Not allowed for external memory 
accesses as the port can only be 
used as output. 


STRONG PULL UP 



(b) 


(c) 


STRONG PULL UP 





PI 


FROM 

PORT 

LATCH 

a — 


n 


I/O PIN 


+5V 
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I/O Accesses: 

Option 1 : When writing a 1 to the port-latch, 
the strong pull-up p1 will be on for 
2 oscillator periods. No weak 
pull-up exists. Without an external 
pull-up, this option can be used as 
a high-impedance input. 

Option 2: Open drain; quasi-bidirectional I/O 
with n-channel open drain output. 
Use as an output requires the 
connection of an external pull-up 
resistor (see Figure 4(c)). 

Option 3: Push-Pull; output with drive 

capability in both polarities. Under 
this option, pins can only be used 
as outputs. 

Option S: SET; after reset this pin will be 
Initialized HIGH. 

Option R; RESET; after reset this pin will be 
initialized LOW. 

1 .3 Timer/event counter 

The 80CL52 contains three 16-blt 
Timer/Counter registers; Timer 0, Timer 1 and 
Tlmer2 which can perform the following 
functions: 

• Measure time intervals and pulse 
durations 

- Count events 

- Generate interrupts requests 

Timer 0 and Timer 1 can be independently 
programmed to operate as follows; 

- Mode 0; 8-bit timer or counter with 
divide-by-32 prescaler 

- Mode 1 ; 1 6-bit time-interval or event 
counter 

- Mode 2; 8-bit time interval or event 
counter with automatic reload upon 
overflow 

- Mode 3; Timer 0 establishes TLO and 
THO as two separate counters. 

In the "Timer" function, the register is 
incremented every machine cycle. Since a 
machine cycle consists of 1 2 oscillator periods, 
the count rate is 1/12oftheoscillatorfrequency. 

In the "Counter" function, the register Is 
incremented in response to a 1-to-O transition. 
Since it takes 2 machine cycles (24 oscillator 
periods) to recognize a 1-to-O transition, the 
maximum count rate is 1/24 of the oscillator 
frequency. To ensure a given level is sampled, 
it should be held for at least one full machine 
cycle. 

1.3.1 Timer 2 

Timer 2 is a 16-bit Tmer/Counter. Like Timers 
0 and 1 , it can operate either as a timer or as 
an event counter. This is selected by bit C/T2 


in the Special Function Register T2CON 
(Figure 5). It has tfiree operating modes; 
"capture”, "auto-load” and "baud rate 
generator”, which are selected by bits in 
T2CON as shown in Table 1. 


Table 1 Timer 2 Operating Modes 


RTCLK 

CP/RLS 

TR2 

Mode 

0 

0 

1 

16-bit 

Auto-Reload 

0 

1 

1 

16-bit 

Capture 

1 

X 

1 

Baud Rate 
Generator 

X 

X 

0 

(off) 


In the Capture Mode there are two options 
which are selected by bit EXEN2 in T2CON. If 
EXEN2=0, then Timer 2 is a 16-bit timer or 
counter which upon overflowing sets bit TF2, 
the Timer 2 overflow bit, which can be used to 
generate an interrupt. If EXEN2=1, then Timer 
2 still does the above, but with the added 
feature that a 1-to-O transition at external input 
T2EX causes the current value in the Timer 2 
registers, TL2 and TH2, to be captured into 
registers RCAP2Land RCAP2H, respectively. 
In addition, the transition at T2EX causes bit 
EXF2 in T2CON to be set, and EXF2, like TF2, 
can generate an interrupt. The Capture Mode 
is illustrated in Figure 6. 


In the auto-reload mode there are again two 
options, which are selected by bit EXEN2 in 
T2CON. If EXEN2=0, then when Timer 2 rolls 
over it not only set TF2 but also causes the 
Timer 2 registers to be reloaded with the 16-bit 
value In registers RCAP2L and RCAP2H, 
which are preset by software. If EXEN2=1 , the 
Timer 2 still does the above, but with the added 
feature that a 1-to-O transition at external input 
T2EX will also trigger the 1 6-blt reload and set 
EXF2. 

The auto-relaod mode is illustrated in Figure 7. 

The baud rate generator mode is selected by 
RTCLK=1. It will be described in conjunction 
with the serial port. 

Conversion already in progress is aborted 
when the Power-down mode is entered. The 
result of a completed conversion (ADCI = logic 
1) remains unaffected when entering the Idle 
mode. 

1.4 Idle and Power-down 
operation 

Idle mode operation permits the interrupt, 
serial ports, timer blocks continue functioning 
while the clock to the CPU is halted. 


The following functions remain active during 
Idle mode. These functions may generate an 
interrupt or reset and thus end the Idle mode. 

- Timer 0, Timer 1 , Timer 2 

- SIO 

- External interrupt 

The Power-down operation freezes the 
oscillator. The Power-down mode can only be 
activated by setting the PD bit in the PCON 
register. 

1.4.1 Power control register (PCON) 

These special modes are activated by 
software via the Special Function Register 
PCON. Its hardware address is 87H. [PCON 
is not bit addressable.] 

7 6 5 4 3 2 1 0 

I EA I - [ ESI I ESQ I ET1 | EXI | ETO [ EXO | 


Bit Symbol Function 


PCON. 7 SMOD Double Baud rate bit. When 
set to logic 1 the baud rate 
is doubled when the serial 
port SlOO is being used in 
modes 1 , 2, or 3. 


PCON.6 
PCON.5 
PCON.4 
PCON.3 GF1 
PCON.2 GFO 
PCON.1 PD 


(reserved) 

(reserved) 

(reserved) 

General-purpose flag bit 
General-purpose flag bit 

Power-down bit. Setting 
this bit activates 
Power-down mode. 


PCON.O IDL Idle mode bit. Setting this 
bit activates the Idle mode 


If logic Is are written toPDand IDL at the same 
time, PD takes precedence. The reset value of 
PCON is (OXXOOOOO). 

1.4.2 Power-down mode 

The instruction setting PCON.1 is the last 
executed prior to going into the Power-down 
mode, in Power-down mode the oscillator is 
stopped. The contents of the on-chip RAM 
and SFRs are preserved. The port pins 
output the values held by their respective 
SFRs. ALE and PSEN are held LOW. 

1.4.3 Wake-up mode 

Setting the PD flag in the PCON register 
forces the controller into the Power-down 
mode. Setting this flag enables the controller 
to be woken-up from the Power-down mode 
with either the external interrupts INT2 / INT9, 
or a reset operation. 
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MSB lsb 


TF2 

EXF2 

GF2 

RTCLK 

EXEN2 

TR2 

CfT2 

CP/nE2 


Symbol 

TF2 

EXF2 


RTCLK 

EXEN2 

TR2 

cm 

C/RE5 


GF2 


Position 

T2CON 

T2CON 


T2CON.4 

T2CON.3 

T2CON.2 

T2CON.1 

T2CON.1 


SMO 

0 

0 

1 

1 


SMI Mode Description 

0 0 shift register 

1 1 8-bit UART 

0 2 9-bit UART 

1 3 9-bit variable UART 


Baud Rate 

fosc/ 12 
variable 

fosc/64 or fosc/32 


Name and significance 

Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 
will not be set when either RCLK = 1 or TCLK = 1. 

Timer 2 external flag set when either a capture or reload is caused by a negative 
transition on T2EX and EXEN == 1. When Timer 2 interrupt is enabled, EXF2 — 1 will 
cause the CPU to vector to the Timer 2 interrupt routine. EXF2 must be cleared by 
software. 

Transmit clock flag. When set, causes the serial port to use Timer 2 overflow pulses for its 
receive and transmit clock in modes 1 and 3. TLCK = 0 causes Timer 1 overflows to be 
used for the receive and transmit clock. 

Timer 2 external enable flag. When set, allows a capture or reload to occur as a result of a 
negative transition on T2EX if Timer 2 is not being used to clock the serial port. EXEN2 = 

0 causes Timer 2 to ignore events at T2EX. 

Start/stop control for Timer 2. A logic 1 starts the timer. 

Timer or counter select. (Timer 2) 

0 = Internal timer (OSC/12) 

1 = External event counter (falling edge triggered) 

Capture/Reload flag. When set, captures will occur on negative transitions at T2EX if 
EXEN2 = 1 . When cleared, auto-reloads will occur either with Timer 2 overflows or 
negative transitions at T2EX when EXEN2 = 1 . When either RCLK = 1 or TCLK = 1, this 
bit is ignored and the timer is forced to auto-reload on Timer 2 overflow. 

General purpose flag bit 


Figure 5. T2CON: Timer/Counter 2 Control Register 



I 

EXEN2 


Figure 6. Timer 2 in Capture Mode 
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EXEN2 

Figure 7. Timer 2 in Auto-Reload Mode 


POWER-DOWN 



n 

1 

Kt±>ti-nN 



. 

EXTERNAL INTERRUT ) 





OSCILLATOR 



< 


c 



< > 




DELAY COUNTER >24 PERIODS 

1536 PERIODS 

Figure 8. Wake-up Operation 


The wake-up operation after power-down in 
this controller has two basic approaches; 

1. 4.3.1 Wake-up using INT2 / INT9 

If INT2 to INT9 are enabled, the 80CL52 can 
be woken-up from power-down mode with the 
external interrupts. To ensure that the 
oscillator is stable before the controller 
restarts, the internal clock will remain inactive 
for 1536 oscillator periods. This is controlled 
by an on-chip delay counter. 

1. 4.3.2 Wake-up using RESET 

To wake-up the 80CL52 the RESET pin has 
to be kept HIGH for a minimum of 24 periods. 
The on-chip delay counter is inactive. The 
user has to ensure that the oscillator is stable 


before any operation is attempted. Figure 8 
illustrates the two possibilities for wake-up. 

1.4.4 Idle mode 

The instruction that sets PCON.O is the last 
instruction executed in the normal operating 
mode before Idle mode is activated. Once in 
the Idle mode, the CPU status is preserved in 
its entirety: the Stack Pointer, Program 
Counter, Program Status Word, Accumulator, 
RAM and all otiier registers maintain their 
data during Idle mode. The status of the 
external pins during Idle mode is shown in 
Table 1 . 


There are two methods used to terminate the 
Idle mode. Activation of any enabled interrupt 
will cause PCON.O to be cleared by 
hardware, terminating Idle mode. The 
interrupt is serviced, and following the 
return-from-interrupt instruction RETI, the 
next instruction to be executed will be the one 
which follows the instruction that wrote a logic 
1 to PCON.O. 

Flag bits GFO and GF1 may be used to 
determine whether the interrupt was received 
during normal execution or during Idle mode. 
For example, the instruction that writes to 
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PCON.O can also set or clear one or both flag 
bits. When Idle mode is terminated by an 
interrupt, the service routine can examine the 
status of the flag bits. 

The second method of terminating the Idle 
mode is with an external hardware reset. Since 
the oscillator is still running, the hardware reset 
is required to be active for two machine cycles 
(24 osdilator periods) to complete the reset 
operation. 

Reset redefines all SFRs, but does not affect 
the on-chip RAM. 

In the Power-down mode, Vqd may be reduced 
to minimize power consumption. However, the 
supply voltage must not be reduced until 
Power-down mode is active, and must be held 
active until the oscillator has restarted and 
stabilized. 

The status of the external pins during Idle and 
Power-down mode is shown in Table 2. If the 
Power-down mode is activated whilst 
accessing external memory, port data held in 
the Special Function Register P2 is restored to 
Port 2. If the data is a logic 1 , the port pin is held 
HIGH during the Power-down mode by the 
strong pull-up transistor p1 (see Figure 4(a)). 

1.5 Standard serial interface 
SlOO: UART 

This serial port is full duplex, meaning it can 
transmit and receive simultaneously. It is also 
receive-buffered, meaning it can commence 
reception of a second byte before a previously 
received byte has been read from the register. 
(However, if the first byte still hasn’t been read 
by the time reception of the second byte is 
complete, one of the bytes will be lost). The 
serial port receive and transmit registers are 
both accessed at Special Function Register 
SOBUF. Writing to SOBUF loads the transmit 
register, and reading SOBUF loads the transmit 
register, and reading SOBUF accesses a 
physically separate receive register. 

The serial port can operate in 4 modes; 

Mode 0: Serial data enters and exits through 
RxD. TxD outputs the shift clock. 8 bits are 
transmitted/received (LSB first). The baud is 
fixed at 1/12 the oscillator frequency. 


Mode 1:10 bits are transmitted (through TxD) 
or received (through RxD); a start bit (0), 8 data 
bits (LSB first), and a stop bit (1). On receive, 
the stop bit goes into RB8 in Special Function 
Register SCON. The baud rate is variable. 

Mode 2: 11 bits are transmitted (through TxD) 
or received (through RxD); start bit (0), 8 data 
bits (LSB first), a programmable 9th data bit, 
and a stop bit (1). On Transmit, the 9th data bit 
(TB8 in SCON) can be assigned the value of 0 
or 1 . Or, for example, the parity bit (P, in the 
PSW) could be moved into TBS. On receive, the 
9th data bit goes into RB8 in Sped^ Function 
Register SCON, while the stop bit is ignored. 
The baud rate Is programmable to either 1/32 
or 1/64 the oscillator frequency. 

Mode 3: 11 bits are transmitted (through TxD) 
or received (through RxD); a start bit (0), 8 data 
bits (LSB first), a programmable 9th data bit and 
a stop bit (1). In fact. Mode 3 is the same as 
Mode 2 in all respects except baud rate. The 
baud rate in Mode 3 is variable. 

In all four modes, transmission is Initiated by 
any instruction that uses SOBUF as a 
destination register. Reception is initiated in 
Mode 0 by the condition Rl = 0 and REN = 1 . 
Reception is initiated in the other modes by the 
incoming start bit if REN = 1. 

1.5.1 Multiprocessor communications 

Modes 2 and 3 have a special provision for 
multiprocessor communications. In these 
modes, 9 data bits are received. The 9th one 
goes into RB8. Then comes a stop bit. The 
port can be programmed such that when the 
stop bit is received, the serial port Interrupt 
will be activated only if RB8 = 1 . This feature 
is enabled by setting bit SM2 In SCON. A 
way to use this feature in multiprocessor 
systems Is as follows. 

When the master processor wants to transmit 
a block of data to one of several slaves. It first 
sends out an address byte which identifies the 
target slave. An address byte differs from a data 
byte in that the 9th bit is 1 in an address byte and 
0 in a data byte. With SM2 = 1 , no slave will be 
interrupted by a data byte. An address byte, 
however, will interrupt all slaves, so that each 
slave can examine the received byte and see 
if it is being addressed. The addressed slave 


will clear its SM2 bit and prepare to receive the 
data bytes that will be coming. The slaves that 
weren’t being addressed leave their SM2s set 
and go on about their business, ignoring the 
coming data bytes. 

SM2 has no effect in Mode 0, and in Mode 1 can 
be used to check the validity of the stop bit. In 
a Mode 1 reception, if SM2 = 1, the receive 
interrupt will not be activated unless a valid stop 
bit is received. 

1.5.2 Serial port control register 

The serial port control and status register is 
the Special Function Register SOCON, shown 
In Figure 9. The register contains not only the 
mode selection bits, but also the 9th data bit 
for transmit and receive (TBS and RB8), and 
the serial port interrupt bits (Tl and Rl). 

Baud Rates 

The baud rate in Mode 0 Is fixed; Mode 0 
Baud Rate = Oscillator Frequency / 1 2. The 
baud rate in Mode 2 depends on the value of 
bitSMOD in Special Function Register 
PCON. If SMOD = 0 (which is the value on 
reset), the baud rate is 1/64 the oscillator 
frequency. If SMOD = 1, the baud rate is 1/32 
the oscillator frequency. 

Mode 2 Baud Rate = (2SM0D /64)(Oscillator 
Frequency) 

The baud rates in Modes 1 and 3 are 
determined by the Timer 1 or Timer 2 overflow 
rate. 

Using Timer 1 to generate baud rates 
When Timer 1 is used as the baud rate 
generator, the baud rates in Modes 1 and 3 
are determined by the Timer 1 overflow rate 
and the value of SMOD as follows; 

Modes 1,3 Baud Rate = (2^’^°° /32)(Timer 1 
Overflow Rate) 

The Timer 1 interrupt should be disabled in this 
application . The Timer itself can be configured 
for either ’’timer” or "counter" operation, and in 
any of its 3 running modes. In most typical 
applications, it is configured for "timer 
operation, in the auto-reload mode (high nibble 
of TMOD = 001 OB). In that case the baud rate 
is given by the formula; 


Table 2. Status of the External Pins During Idle and Power-down Mode 


MODE 

MEMORY 

ALE 

PSEN 

PORTO 

PORT1 

PORT 2 

PORTS 

ldle(1) 

internal 

1 

1 

Port Data 

Port Data 

Port Data 

Port Data 

idle(1) 

external 

1 

1 

Floating 

Port Data 

Address 

Port Data 

Power-down 

internal 

0 

0 

Port Data 

Port Data 

Port Data 

Port Data 

Power-down 

external 

0 

0 

Floating 

Port Data 

Port Data 

Port Data 
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MSB LSB 


SMO 

SMI 

SM2 

REN 

TB8 

RBB 

R 



Where SMO, SMI specify the serial port mode, as follows; 


SMO SM1 Mode 

0 0 0 

0 1 1 

1 0 2 

1 1 3 


Description Baud Rate 

shift register fosG'12 

8- bit UART variable 

9- bit UART fosc/64 or fosc/32 

9-bit variable UART 


-SM2 

Enables the multiprocessor communication feature in Modes 2 and 3. In Mode 2 or 3, if SM2 is set to 1 then Rl will not be activated if the 
received 9th data bit (RB8) is 0. In Mode 1 , if SM2=1 then Rl will not be activated if a valid stopbit was not received. In Mode 0, SM2 
should be 0. 

-REN 

Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 

-TB8 

Is the 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. 

-RB8 

In Modes 2 and 3, is the 9th data bit that was received. In Mode 1 , it SM2=0, RB8 is the stop bit that was received. In Mode 0, RB8 is not 
used. 

-Tl 

Is transmit interrupt flag. Set by hardware at the end of the 8th time in Mode 0, or at the beginning of the stop bit in the other modes, in 
any serial transmission. Must be cleared by software. 

-Rl 

Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or haltway through the stop bit time in the other modes, in 
any serial reception except (see SM2). Must be cleared by software. 

Figure 9. Serial Port control (SCON) Register 


Mode 1 , 3 Baud Rate = {(2 SMOd /32) x 
(Oscillator Frequency)} / {12 x (256 - (TH1)} 

One can achieve very low baud rates with Timer 
1 by leaving the Timer 1 interrupt enabled, and 
configuring the Timer to run as a 16-bit timer 
(high nibble of TMOD = 0001 B), and using the 
Timer 1 interrupt to do a 1 6-bit software reload. 
Table 2 lists various commonly used baud rates 
and how they can be obtained from Timer 1 . 

Using Timer 2 to generate baud rates 
Timer 2 is selected as the baud rate 
generator by setting RTCLK in T2CON 
(Figure 10). Setting RTCLK puts Timer 2 into 
its baud rate generator mode, as shown in 
Figure 10. 

The baud rate generator mode is similar to the 
auto-reload mode, in that a rollover in TH2 
causes the Timer 2 registers to be reloaded with 
the 16-bit value in registers RCAP2H and 
RCAP2L, which are preset by software. 

Now, the baud rates in Modes 1 and 3 are 
determined by Timer 2’s overflow rate as 
follows: 


Modes 1 ,3 Baud Rate = (Timer 2 Overflow 
Rate)/ 16 

The Timer can be configured for either "timer” 
or "counter” operation. In the most typical 
applications, it is configured for "timer" 
operation (C/T2 = 0). "Timer” operation is a little 
different for Timer 2 when it’s being used as a 
baud rate generator. Normally, as a timer is 
would Increment every machine cycle (thus at 
1/12 the oscillator frequency). As a baud rate 
generator, however, it increments every state 
time (thus at 1/2 the oscillator frequency). In 
that case the baud rate is given by the formula. 

Modes 1 ,3 Baud Rate = (Oscillator Frequency) 
/ (32 X (65536 - (RCAP2H, RCAP2L)} 

where (RCAP2H, RCAP2L) is the content of 
RCAP2H and RCAP2L taken as a 16-bit 
unsigned integer. 

Timer 2 as a baud rate generator is shown in 
Figure 10. This Figure is valid only if RTCLK = 


1 in T2CON. Note that a rollover in TH2 does 
not set TF2, and will not generate an interrupt. 
Therefore, the Timer 2 interrupt does not have 
to be disabled when Timer 2 is in the baud rate 
generator mode. Note too, that if EXEN2is set. 
a 1 -to-0 transition In T2EX will set EXF2 but will 
notcauseareloadfrom (RCAP2H, RCAP2L)to 
(TH2, TL2). Thus when Timer 2 Is in use as a 
baud rate generator, T2EX can be used as an 
extra external interrupt. If desired. 

It shou Id be noted that when Timer 2 is running 
(TR2 = 1) in "timer” function in the baud rate 
generator mode, one should not try to read or 
write TH2 or TL2. Under these conditions the 
Timer is being incremented every state time, 
and the results of a read or write may not be 
accurate. The RCAP registers may be read, but 
shouldn’t be written to, because a write might 
overlap a reload and cause write and/or reload 
errors. Turn the Timer off (clear TR2) before 
accessing the Timer 2 or RCAP register, in this 
case. 
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Table 3. Timer 1 Generated Commonly Used Baud Rates 
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1.6 Interrupt system 

External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronous to execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution, a multiple-source, 
two-priority-level, nested interrupt system is 
provided. The 80CL52 acknowledges 
interrupt requests from fourteen sources as 
follows: 

- INTO through INT9 

- Timer 0, Timer 1 , and Timer 2 

- UART 


1 .6.1 External interrupts INT2 / INT9 

Port 1 lines serve an alternative purpose as 
seven additional interrupts INT2 to INT9. 
When enabled, eadi of these lines may 
"wake-up” tiie device from Power-down 
mode. Using the 1X1 register, each pin may 
be initialized to either active HIGH or LOW. 
IRQ1 is the interrupt request flag register. 
Each flag. If the interrupt Is enabled, will be 
set on an interrupt request but must be 
cleared by software, i.e. via the interrupt 
software or when the interrupt is disabled. 

Each interrupt vectors to a separate location in 
program memory for its service routine. Each 


source can be individually enabled or disabled 
by corresponding bits in the Interrupt Enable 
Registers (IE, lEO). The priority level is selected 
via the Interrupt Priority register (IPO, IP1). All 
enabled sources can be globally disabled or 
enabled. 

The port 1 interrupts are level sensitive. A port 
1 interrupt will be recognized when a level 
(HIGH or LOW depending on Interrupt Polarity 
Register 1X1) on Pix is held active for at least 
one machine cycle. The Interrupt Request is 
not served until the next machine cycle. 
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interrupt enable register lENO, iENI 
lENO (ASH) 

[ EA [ ET2 I ESI I ESQ [ ETi [ EXi | ETO [ EXO 


Bit Symbol 

IEN0.7 EA 
control 


IEN0.6 - 
IEN0.5 ESI 
IEN0.4 ESO 
IEN0.3 ET1 
IEN0.2 EXI 
IEN0.1 ETO 
lENO.O EXO 


IENI (E8H) 


where 0= interrupt disabled 
1 = interrupt enabled 


IP1 (B8H) 

I PX9 I PX8 I PX7 I PX6 I PXS | PX4 [ PX3 | PX2 | 


Function 

General enable/disable 

0 = no interrupt is enabled 

1 = any individually enabled 
interrupt will be accepted 
Enable T2 enterrupt 

Must be set to 0 by the user 
Enable DART SIO interrupt 
Enable timer T 1 interrupt 
Enable external interrupt 1 
Enable Timer TO interrupt 
Enable external interrupt 0 


Bit 

IP1.7 

IP1.6 

IP1.5 

IP1.4 

IP1.3 

IP1.2 

IP1.1 

IP1.0 


Symbol 

PX9 External 
PXS External 
PX7 External 
PX6 External 
PXS External 
PX4 External 
PX3 External 
PX2 External 


Function 

Interrupt 9 priority level 
interrupt 8 priority level 
interrupt 7 priority level 
Interrupt 6 priority level 
interrupt 5 priority level 
interrupt 4 priority level 
interrupt 3 priority level 
interrupt 2 priority level 


Interrupt polarity register 1X1 
1X1 (E9H} 


1 EX9 1 EX8 1 EX7 | 

EX6 1 EX5 1 EX4 | EX3 | EX2 | 


IL8 1 

Bit 

Symbol 

Function 

Bit 

Syml 

IEN1.7 

EX9 

Enable external interrupt 9 

1X1.7 

IL9 

IEN1.6 

EX8 

Enable external interrupt 8 

1X1.6 

1L8 

IENI. 5 

EX7 

Enable external interrupt 7 

1X1.5 

IL7 

IEN1.4 

EX6 

Enable external interrupt 6 

1X1.4 

IL6 

IENI. 3 

EX5 

Enable external interrupt 5 

1X1.3 

IL5 

IEN1.2 

EX4 

Enable external interrupt 4 

1X1.2 

IL4 

IEN1.1 

EX3 

Enable external interrupt 3 

1X1.1 

IL3 

IEN1.0 

EX2 

Enable external interrupt 2 

1X1.0 

IL2 


»ol Function 

External interrupt 9 polarity level 


External Interrupt 5 polarity level 
1X1 .2 IL4 External Interrupt 4 polarity level 
External interrupt 3 polarity level 
External interrupt 2 polarity level 


Interrupt priority register IPO, IP1 
IPO (B8H) 


□ 

PT2 1 PS1 

1 PSO 1 PTI 1 PX1 1 PTO 1 PXO 1 

bol 


Bit Sym 

Function 

IP0.7 

- 

Unused 

IP0.6 

PT2 

Timer 2 interrupt priority 
level 

IP0.5 

PS1 

Unused 

IP0.4 

PSO 

UART SIO interrupt priority 
level 

IP0.3 

level 

PT1 

Timer 1 interrupt priority 

IP0.2 

PX1 

External interrupt 1 priority 
level 

IP0.1 

level 

PTO 

Timer 0 interrupt priority 

IPO.O 

PXO 

External interrupt 0 priority 
level 


Interrupt request flag register IRQI 
IRQ1 (COH) 

I 109 I 108 I IQ7 I IQ6 | IQS | 104 | IQ3 | 102 [ 

Bit Symbol Function 

I RQ1 .7 IQ9 External Interrupt 9 request flag 
I RQ1 .6 IQS External Interrupt 8 request flag 
I RQ1 .5 IQ7 External interrupt 7 request flag 
I RQ1 .4 IQ6 External interrupt 6 request flag 
I RQ1 .3 IQS External interrupt 5 request flag 
IRQI .2 IQ4 External interrupt 4 request flag 
IRQ1.1 IQ3 External Interrupt 3 request flag 
I RQ1 .0 IQ2 External interrupt 2 request flag 

Writing either a "1" or "0" to an 1X1 register bit 
sets the polarity level of the corresponding 
external interrupt to active HIGH or LOW 
respectively. 


Interrupt priority is as follows: 

0 = low priority 

1 = high priority 


1.6.2 interrupt Vectors 

Vector Source 

(highest) 

XO 

0003H 

External/0 

X5 

0053H 

External 5 

TO 

OOOBH 

Timer 0 

T2 

00033 

Timer 2 

X6 

005BH 

External 6 

XI 

001 3H 

External 1 

X2 

003BH 

External 2 

X7 

0063H 

External 7 

T1 

001 BH 

Timer 1 

X3 

0043H 

External 3 

X8 

006BH 

External 8 

SO 

0023H 

UART 

X4 

004BH 

External 4 

X9 

0073H 

External 9 


(lowest) 

Interrupt priority 

Each interrupt priority source can be set to 
either high or low priority. If both priorities are 
requested simultaneously, the controller will 
branch to the high priority vector. 

A low priority interrupt can only be interrupted 
by a high priority interrupt. A high priority 
interrupt routine cannot be interrupted. 


1.6.3 Related registers 

The following registers are used in 
conjunction with the interrupt system: 


Register 

Function 

SFR 

Address 

1X1 

Interrupt polarity 
register 

E9H 

IRQI 

Interrupt 
request flag 
register 

COH 

lENO 

Interrupt enable 
register 

A8H 

IENI 

Interrupt enable 

register 

(INT2-INT9) 

E8H 

IPO 

Interrupt priority 
register 

B8H 

IP1 

Interrupt priority 

register 

(INT2-INT9) 

F8H 
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1.7 Oscillator registers 

The on-chip oscillator circuitry of the 80CL52 
is a single-stage inverting amplifier biased by 
an internal feedback resistor (Figure 13). For 
operation as a standard quartz oscillator, no 
external components are needed (except at 
32 kHz). When using external capacitors, 
ceramic resonators, coils and RC networks to 
drive the oscillator, five different 
configurations are supported (see Figure 14 
and oscillator options). 

In the Power-down mode the oscillator is 
stopped and XTAL1 is pulled HIGH. The 
oscillator inverter is switched off to ensure no 
current will flow regardless of the voltage at 


XTAL1 . To drive the device with an external 
clock source, apply the external clock signal to 
XTAL1 , and leave XTAL2 to float, as shown in 
Fig. 14(f). There are no requirements on the 
duty cycle of the external clock, since the input 
to the internal clocking circuitry is buffered by a 
flip-flop. 

The following options are provided for optimum 
on-chip oscillator performance. Please state 
option when ordering. 

1 .7.1 Oscillator options (see Figure 14) 

32kHz; Figure 14(c). An option for 32 kHz 
clock applications with external 


trimmer for frequency adjustment. 
A 4.7 MO bias resistor is needed 
for use in parallel with the crystal. 

Osc. 2: Figure 14(e); An option for 
low-power, low-frequency 
operations using LC components 
or quartz. 

Osc .3; An option for medium frequency 
range applications. 

Osc. 4; An option for high frequency range 
applications. 

RC; Figure 1 4(g). An option for an RC 
oscillator. 


Vqd 



Figure 13. Oscillator 
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STANDARD 

QUARTZ 

OSCILLATOR 



QUARTZ 
OSCILLATOR 
WITH EXTERNAL 
CAPACITORS 


32 KHZ 
OSOLLATOR 


HDl— 

XTAL2 

XTAL1 

? A 

7 

\ 

/? 


CERAMIC 

RESONATOR 


i I 



I I 


EXTERNAL 

CLOCK 



Figure 14. Alternative Oscillator Configurations 


OSCILLATOR TYPE SELECTION GUIDE 


Cl EXT. (pF) 1 

I C2 EXT (pF) i 

MAX. RESONATOR 

MIN. 

MAX. 

MIN. 

MAX. 

SERIES RESISTANCE 

15kQ(1) 

5 

15 

0 

0 

600 ft 
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OSCILLATOR EQUIVALENT CIRCUIT PARAMETERS (see Figure 15) 
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1.7.3 RC Oscillator (see Figure 16) 

The externally adjustable RC-oscillator has a 
frequency range from 1 00 kHz to 500 kHz. 

1.8 Reset circuitry 

To initialize the 80CL52, a reset is performed 
by either of two methods: 

- via the RST pin 

- via a power-on-reset 

It leaves the internal registers as follows; 


REGISTER 

CONTENT 

ACC 

0000 0000 

B 

0000 0000 

DPL 

0000 0000 

DPH 

0000 0000 

lEO 

0000 0000 

IE1 

0000 0000 

IPO 

XXOO 0000 

IP1 

0000 0000 

1X1 

0000 0000 

IRQ1 

0000 0000 

PCH 

0000 0000 

PCL 

0000 0000 

PCON 

OXXX 0000 

P0-P3 

1111 1111 

SOBUF 

XXXX XXXX 

SOCON 

0000 0000 

SP 

0000 0111 

TCON 

0000 0000 

THO, TH1,TH2 

0000 0000 

TLO, TL1,TL2 

0000 0000 

TMOD 

0000 0000 

PSW 

0000 0000 

RCAP2L 

0000 0000 

RCAP2H 

0000 0000 



The reset state of the port pins is 
mask-programmable and can therefore be 
defined by the user. The standard reset value 
for port P0-P3 is 1111 1111. 

The reset input to the 80CL52 is RST pin 1 5. A 
Schmitt trigger qualifies the input for noise 
rejection. The output of the Schmitt trigger is 
sampled by the reset circuitry every machine 
cycle. 

A reset is accomplished by holding the RST pin 
HIGH for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. The CPU responds by generating an 
internal reset. Port pins adopt their reset state 
immediately after RST goes HIGH. During 
reset ALE and PSEN are held HIGH. 

The external reset is asynchronous to the 
internal clock. The RST pin is sampled during 
State 5, Phase 2 of every machine cycle. After 
a HIGH is detected at the RST pin, an internal 
reset is repeated every cycle until RST goes 
LOW. 


The internal RAM is not affected by reset. When 
Vdd is turned on the FIAM contents are 
indeterminate. 

1.8.1 Power-on reset 

The 80CL52 contains on-chip drcuitry which 
switch the port pins to the customer defined 
logic level as soon as Vdd exceeds 1 .3 V. As 
soon as the minimum supply voltage is 
reached, the oscillator will start up. However, 
to ensure that the oscillator is stable before 
the controller starts, the clock signals are 
gated away from the CPU for a further 1 536 
oscillator periods. 

A hysteresis of approximately 50m V at atypical 
power-on switching level of 1 .3 V will ensure 
correct operation. 

An automatic reset can be obtained at 
power-on by connecting the RST pin to Vdd via 
a 1 0 mF capadtor. At power-on, the voltage on 
the RST pin is equal to Vdd minus the capacitor 
voltage, and decreases from Vdd as the 
capacitor discharges through the internal 
resistor Rrst to ground. The larger the 
capacitor, the more slowly Vrst decreases. 
Vrst must remain above the lower threshold of 
the Schmitt trigger long enough to effect a 
complete reset. The time required is the 
oscillator start-up time, plus 2 machine cycles. 

1.9 INSTRUCTION SET 

The 80CL52 uses a powerful instruction set 
which permits the expansion of on-chip CPU 
peripherals and optimizes byte efficiency and 
execution speed. Assigned opcodes add new 
high-power operation and permit new 
addressing modes. The instruction set 
consists of 49 single-byte, 46 two-byte and 
16 three-byte instructions. When using a 12 
MHz oscillator, 64 instructions execute in 1 
ms and 45 in 2 ps. Multiply and divide 
instructions execute in 4 ps. 



JJ 


RESET 

r 

1 


CIRCUITRY 


SCHMITT 

TRIGGER 


/77 

Figure 17. Reset Configuration at RST Pin 
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INSTRUCTION SET 


MNEMONC 

DESCRIPTION 

BYTES 

/CYCLES 

OPCODE 

(HEX.) 

Arithmetic Operations | 

ADD 

A,Rr 

Add register to A 

1 

1 

2S* 

ADD 

A, direct 

Add direct byte to A 

2 

1 

25 

ADD 

A<§>R 

Add indirect RAM to A 

1 

1 

26. 27 

ADD 

A,#data 

Add immediate data to A 

1 

1 

24 

ADDC 

A.Rr 

Add register to A with carry flag 

1 

1 

3* 

ADDC 

A, direct 

Add direct byte to A with carry flag 

2 

1 

35 

ADDC 

A,@R 

Add indirect RAM to A with carry flag 

1 

1 

36, 37 

ADDC 

A.#data 

Add immediate data to A with carry flag 

2 

1 

34 

SUBB 

A.Rr 

Subtract register from A with borrow 

1 

1 

9* 

SUBB 

A, direct 

Subtract direct byte from A with borrow 

2 

1 

95 

SUBB 

A.(3)Ri 

Subtract indirect RAM from A with borrow 

1 

1 

96, 97 

SUBB 

A,#data 

Subtract immediate data from A with borrow 

2 

1 

94 

INC 

A 

Increment A 

1 

1 

04 

INC 

Rr 

Increment register 

1 

1 

0* 

INC 

direct 

Increment direct byte 

2 

1 

05 

INC 

@R 

Increment indirect RAM 

1 

1 

06, 07 

DEC 

A 

Decrement A 

1 

1 

14 

DEC 

Rr 

Decrement register 

1 

1 

r 

DEC 

direct 

Decrement direct byte 

2 

1 

15 

DEC 

@R 

Decrement indirect RAM 

1 

1 

16, 17 

INC 

DPTR 

Increment data pointer 

1 

2 

A3 

MUL 

AB 

Multiply A & B 

1 

4 

A4 

DIV 

AB 

Divide A by B 

1 

4 

84 

DA 

A 

Decimal adjust A 

1 

1 

D4 

Logic Operations | 

ANL 

A,Rr 

AND register to A 

1 

1 

5* 

ANL 

A, direct 

AND direct byte to A 

2 

1 

55 

ANL 

A<S)R 

AND indirect RAM to A 

1 

1 

56,57 

ANL 

A,#data 

AND immediate data to A 

2 

1 

54 

ANI 

direct, A 

AND A to direct byte 

2 

1 

52 

ANL 

direct, #data 

AND immediate data to direct byte 

3 

2 

53 

ORL 

A.Rr 

OR register to A 

1 

1 

4* 

ORL 

A, direct 

OR direct byte to A 

2 

1 

45 

ORL 

A,(g>Ri 

OR indirect RAM to A 

1 

1 

46, 47 

ORL 

A,#data 

OR immediate data to A 

2 

1 

44 

ORL 

direct.A 

OR A to direct byte 

2 

1 

42 

ORL 

direct,#data 

OR immediate data to direct byte 

3 

2 

43 

XRL 

A.Rr 

Exclusive-OR register to A 

1 

1 

6* 

XRL 

A.direct 

Exclusive-OR direct byte to A 

2 

1 

65 

XRL 

A,<S>Ri 

Exclusive-OR indirect RAM to A 

1 

1 

66. 67 

XRL 

A,#data 

Exclusive-OR immediate data to A 

2 

1 

64 

XRL 

direct.A 

Exclusive-OR to direct byte 

2 

1 

62 

XRL 

direct,#data 

Exclusive-OR immediate data to direct byte 

3 

2 

63 

CLR 

A 

Clear A 

1 

1 

E4 
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INSTRUCTION SET (Continued) 


MNEMONC 

DESCRiPTiON 

BYTES 

/CYCLES 

OPCODE 

(HEX.) 

Logic Operations (Continued) | 

CPL 

A 

Complement A 

1 

1 

F4 

RL 

A 

Rotate A left 

1 

1 

23 

RLC 

A 

Rotate A left through the carry flag 

1 

1 

33 

RR 

A 

Rotate A right 

1 

1 

03 

RRC 

A 

Rotate A right throught the carry flag 

1 

1 

13 

SWAP 

A 

Swap nibbles within A 

1 

1 

C4 

Data transfer | 

MOV* 

A,Rr 

Move register to A 

1 

1 

E* 

MOV 

A, direct 

Move direct byte to A 

2 

1 

E5 

MOV 

A(g>R 

Move indirect RAM to A 

1 

1 

E6, E7 

MOV 

A,#data 

Move immediate data to A 

2 

1 

74 

MOV 

Rr,A 

Move A to register 

1 

1 

F* 

MOV 

Rr, direct 

Move direct byte to register 

2 

2 

A* 

MOV 

Rr,#data 

Move immediate data to register 

2 

1 

7* 

MOV 

direct, A 

Move A to direct byte 

2 

1 

F5 

MOV 

direct, Rr 

Move register to direct byte 

2 

2 

8* 

MOV 

direct,direct 

Move direct byte to direct 

3 

2 

85 

MOV 

direct, @Ri 

Move indirect RAM to direct byte 

2 

2 

86. 87 

MOV 

direct,#data 

Move immediate data to direct byte 

3 

2 

75 

MOV 

@Ri,A 

Move A to indirect RAM 

1 

1 

F6, F7 

MOV 

(3)Ri, direct 

Move direct byte to indirect RAM 

2 

2 

A6, A7 

MOV 

@Ri,#data 

Move immediate data to indirect RAM 

2 

1 

76, 77 

MOV 

DPTR,#data16 

Load data pointer with a 16-bit constant 

3 

2 

90 

Move 

A,@A-hDPTR 

Move code byte relative to DPTR to A 

1 

2 

93 

Move 

A,@A-hPC 

Move code byte relative to PC to A 

1 

2 

83 

MOVX 

A,@Ri 

Move external RAM (8-bit address) to A 

1 

2 

E3, E3 

MOVX 

A,@DPTR 

Move external RAM (16-bit address) to A 

1 

2 

EO 

MOVX 

(S>Ri,A 

Move A to external RAM (8-bit address) 

1 

2 

F2. F3 

MOVX 

@DPTR.A 

MOV A to external RAM (1 6-blt address) 

1 

2 

FO 

PUSH 

direct 

Push direct byte onto stack 

2 

2 

CO 

POP 

direct 

Pop direct byte from stack 

2 

2 

DO 

XCH 

A,Rr 

Exchange register with A 

1 

1 

C* 

XCH 

A,direct 

Exchange direct byte with A 

2 

1 

C5 

XCH 

A,@Ri 

Exchange indirect RAM with A 

1 

1 

C6, C7 

XCHD 

A,@Ri 

Exchange LOW-order digit indirect RAM with A 

1 

1 

D6. D7 

Bit-Operations | 

CLR 

C 

Clear carry flag 

1 

1 

C3 

CLR 

bit 

Clear direct bit 

2 

1 

C2 

SETS 

C 

Set carry flag 

1 

1 

D3 

SETS 

bit 

Set direct bit 

2 

1 

D2 

CPL 

C 

Complement carry flag 

1 

1 

B3 

CPL 

bit 

Complement direct bit 

2 

1 

B2 

ANL 

C,bit 

AND direct bit to carry flag 

2 

2 

82 

ANL 

C,/bit 

AND direct bit to carry flag 

2 

2 

BO 
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INSTRUCTION SET (Continued) 


MNEMONIC 

DESCRIPTION 

BYTES 

/CYCLES 

OPCODE 

(HEX.) 

Bit-Operations (Continued) | 

ORL 

Cbit 

OR direct bit to carry flag 

2 

2 

72 

ORL 

C/bit 

OR complement of direct bit to carry flag 

2 

2 

AO 

MOV 

C.bit 

Move direct bit to carry flag 

2 

1 

A2 

MOV 

bit.C 

Move carry flag to direct bit 

2 

2 

92 

Program and Machine Control | 

ACALL 

addri 1 

Absolute subroutine call 

2 

2 

**1addr 

LCALL 

addr16 

Long subroutine call 

3 

2 

12 

RET 


Return from subroutine 

1 

2 

22 

RETI 

addri 1 

Return from interrupt 

1 

2 

32 

AJMP 

addri 6 

Absolute jump 

2 

2 

**1addr 

LJMP 

rel 

Long jump 

3 

2 

02 

SJMP 

rel 

Short jump (relative address) 

2 

2 

80 

JMP 

@A+DPTR 

Jump Indirect relative to the DPTR 

1 

2 

73 

JZ 

rel 

Jump if A is zero 

2 

2 

60 

JNZ 

rel 

Jump if A is not zero 

2 

2 

70 

JC 

rel 

Jump if carry flag is set 

2 

2 

40 

JNC 

rel 

Jump if no carry flag 

2 

2 

50 

JB 

bit.rel 

Jump if direct bit is set 

3 

2 

20 

JNB 

bit.rel 

Jump if direct bit is not set 

3 

2 

30 

JBC 

bit.rel 

Jump if direct bit is set and clear bit 

3 

2 

10 

CJNE 

A.direct ,rel 

Compare direct to A and jump if not equal 

3 

2 

B5 

CJNE 

A,#data.rel 

Compare immediate to A and jump if not equal 

3 

2 

B4 

CJNE 

Rr,#data.rel 

Compare immediate to reg. and jump if not equal 

3 

2 

B* 

CJNE 

@Ri,#data,rel 

Compare immediate to ind. and jump if not equal 

3 

2 

B6, B7 

DJNZ 

Rr.rel 

Decrement register and jump If not zero 

2 

2 

D* 

DJNZ 

direct.rel 

Decrement direct and jump if not zero 

3 

2 

D5 

NOP 


No operation 

1 

1 

00 


NOTES: 


Data addressing modes: 


Rr 

direct 

@Ri 

#data 

#data 

bit 

addr16 
addr1 1 
rel 


Working register RO - R7 

1 28 internal RAM locations and any special function register (SFR) 

Indirect internal RAM location addressed by register RO or R1 . 

8-bit constant included in instruction 
16-bit constant included in instruction 
Direct constant included in instruction 

16-bit destination address. Used by LCALL and LUMP. The branch will be anywhere within the 64K-byte program memory 
address space. 

1 1-bit destination address. Used by ACALL and AJMP. The branch will be within the same 2K-byte page of program memory as 
the first byte of the following instruction. 

Signed ftwo’s complement) 8-bit offset byte. Used by SMJP and all conditional jumps. Range is -128 to +128 bytes relative to first 
byte of the following instruction. 


Hexadecimal opcode cross-reference 
* :8. 9. A, B ,C .D .E ,F. 

** ;11,31, 51, 71.91, B1, D1, FI. 

*** ;01,21.41. 61,81, AI.CI, El. 
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2.0 RATINGS 

Limiting values in accordance with the Absolute Maximum System (lEC 134) 


PARAMETER 

SYMBOL 

MIN. 

MAX. 

UNIT 

Supply voltage (pin 40) 

Vdd 

-0.5 

•+•6.5 

V 

All input voltages 

V| 

-0.5 

Vdd+0.5 

V 

DC current into any input or output 

h. *0 

- 

5 

mA 

Total power dissipation 

Plot 

- 

300 

mW 

Storage temperature range 

Tstg 

-65 

-t-150 

°C 

Operating ambient temperature range 

Tamb 

-40 

+B5 

°C 

Operating junction temperature 

Tj 

- 

125 



3.0 DC CHARACTERISTICS 

Vdd = 1 Vss = OV; Tamb = "40 to -i-85°C; all voltages with respect to Vss,- unless otherwise specified. 




TEST 

LIMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Vdd 

Supply voltage 


1.8 


6.0 

V 


RAM retention voltage in power-down mode 


1.0 

— 

6.0 

V 

•dd 

Supply current: 

Operating (note 1) 

Vdd = 5V; folk = 12 MHz 



tbf 

mA 



Vdd = 3V; fdk = 3.58 MHz 

— 

— 

tbf 

mA 


idle mode (note 2) 

VDD = 5V;fc,k=12MHz 

— 

— 

tbf 

mA 



Vdd = 3V; fdk = 3.58 MHz 

— 

— 

tbf 

mA 

IpD 

Power-down (note 3) 

Vdd= 1-8V;Tamb=25 °C 

- 

— 

10 

mA 

V,L 

Input voltage LOW (note 6) 

Vss< V|< Vdd 

Vss 

_ 

0-3Vdd 

V 

V,H 

Input voltage HIGH (note 6) 


0.7Vdd 

— 

Vdd 

V 

±1li 

Input leakage current (port 0, EA) 




10 

pA 

Iql 

Output sink current LOW 

Vdd = 5V; Vol = 0.4V 

1.6 

— 

— 

mA 



Vdd = 2.5 V;Vol=0.4V 

0.7 

0.7 

— 

mA 

-Iqh 

Output source current HIGH, push-pull options only 

Vdd = 5V;Voh = Vdd-0-4V 

1.6 

1.6 


mA 



Vdd=3V;Voh = Vdd-0.4V 

0.7 

0.7 

— 

mA 

-IlL 

Input current logic 0 

Vdd = 5V; V,n = 0.4V 

— 

— 

100 

pA 



Vdd = 3 V; V,n = 0.4 V 

— 

— 

50 

pA 

-Itl 

Input current logic 0, 1-to-O transition 

Vdd = 5V;V,n = Vdd/2 

- 

— 

1.0 

mA 



Vdd = 3V; V|n = Vdd/2 

— 

— 

500 

pA 

Rrst i 

RST pull-down resistor 

i 

10 

— 

200 

ka 


NOTES TO DC CHARACTERISTICS: 

1. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with t^ = tf = 10 ns; V|l = Vss; vih = Vdd : XTAL2 
not connected: EA = RST + PORT 0 = VDD. 

2. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with t^ = tf = 1 0 ns; V|l = Vss : V|h = Vqq ; XTAL2 
is not connected: EA = PORT 0 = Vdd- 

3. The power-down current is measured with all output pins disconnected; XTAL 1 not connected; EA = Port 0 = Vdd: RST = Vss- 

4. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the LOW level output voltage of ALE, Port 
1 and Port 3 pins when these pins make a 1-to-O transition during bus operations. In the most adverse conditions (capacitive loading>1 00 
pF) the noise pulse on the ALE line may exceed 0.8 V. In this event it may be required to qualify ALE with a Schmitt trigger, or use an 
address latch with a Schmitt trigger strobe input. 

5. Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and PSEN to momentarily fall below the 0.9% of 
Vdd specification when the address bits are stabilizing. 
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4.0 AC CHARACTERISTICS 

Vdd = 5 V; Vss = 0 V; Tamb = ^0 to -i-85 °C: Cl = 50 pF for Port 0; ALE and PSEN, Cl = 40 pF for all other outputs unless otherwise specified. 

PROGRAM MEMORY (See Figure 20) 



12 MHz 

VARIABLE CLOCK 

PARAMETER 

SYMBOL 

MIN. 

MAX 

MIN. 

MAX 

UNIT 

ALE pulse duration 

tLL 

127 

- 

2tCK-40 

- 

ns 

Address set-up time to ALE 

Ul 

43 

- 

tcK-40 

- 

ns 

Address hold time to ALE 

tLA 

48 

- 

teK-35 

- 

ns 

Time from ALE to control pulse PSEN 

k.c 

58 

- 

teK-25 

- 

ns 

Time from ALE to valid instruction input 

^LIV 

- 

233 

- 

4tcK-‘f 00 

ns 

Control pulse duration PSEN 

fee 

215 

- 

3tcK~35 

- 

ns 

Time from PSEN to valid instruction input 

fciv 

- 

215 

- 

3tcK-125 

ns 

Input instruction hold time after PSEN 

fei 

0 

- 

0 

- 

ns 

Input instruction float delay after PSEN 

tciF 

- 

63 

- 

tcK-20 

ns 

Address valid after PSEN 

Uc 

75 

- 

tcK-8 



Address to valid instruction input 

Uiv 

- 

302 

- 

5tcK-115 


Address float time to PSEN 

Ufc 

12 

- 

0 

- 

ns 


EXTERNAL DATA MEMORY (See Figures 21 and 22) 



12 MHz 

VARIABLE CLOCK 

PARAMETER 

SYMBOL 

MIN. 

MAX 

MIN. 

MAX. 

UNIT 

RD pulse duration 

tRR 

400 

- 

6tcK-100 

- 

ns 

WR pulse duration 

tww 

400 

- 

6tcK-100 

- 

ns 

Address hold time after ALE 

tlA 

48 

- 

tcK-35 

- 

ns 

RD to valid data input 

fRD 

- 

150 

- 

5tcK"165 

ns 

Data float delay after RD 

toFR 

- 

97 

- 

2tcK-70 

ns 

Time from ALE to valid data input 

flD 

- 

517 


8tcK-150 

ns 

Address to valid data input 

fAD 

- 

585 

- 

9fcK"f 33 

ns 

Time from ALE to RD and WR 

ftw 

200 

300 

3tcK"50 

3tcK+50 

ns 

Time from address to RD and WR 

tAW 

203 

- 

4tcK~130 

- 

ns 

Time from RD or WR HIGH to ALE HIGH 

tWHLH 

43 

123 

tcK-40 

tcK+40 

ns 

Data valid to WR transition 

towx 

23 

- 

tcK’30 

- 

ns 

Data set-up time before WR 

tow 

433 

- 

7tcK-150 

- 

ns 

Data hold time after WR 

two 

33 

- 

tcK-50 

- 

ns 

Address float delay after RD 

tWAFR 

- 

12 

- 

12 

ns 


NOTE TO THE AC CHARACTERISTICS: 

1 . Interfacing the 80CL52 to devices with float times up to 75 ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 
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DOT TED UN ES 
ARE VAUD WHEN 
RDORWR 
ARE ACTIVE 


ONLY ACTIVE 
DURING A READ 
FROM EXTERNAL 
DATA MEMORY 


ONLY ACTIVE 
DURING A WRITE 
TO EXTERNAL 
DATA MEMORY 


EXTERNAL 

PROGRAM 

MEMORY 

FETCH 


READ OR WRITE 
OF EXTERNAL 
DATA MEMORY 



Figure 23. Instruction Cycle Timing 
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8XCL410 OVERVIEW 

The 80CL410 (ROMIess version) and 
83CL410 (ROM version) are referred to 
collectively in this overview as the 8XCL410. 
The 8XCL410 is socket compatible with the 
80C51 and has many of the same features, 
but at a much lower power and clock 
frequency. 

The 8XCL410 Is the first member of a family 
of low-power 80C51 derivative parts. The 
features of the 8XCL410 include; 

• 4k X 8 ROM 

• 128x8 RAM 

• Two 16-bit timer/counters 

• A two level nested priority interrupt 
structure 

• An I^C serial interface 

• Thirteen interrupt sources (with eight 
additional external interrupts) 

• Idle and power-down modes 

• Interrupt or reset return from power-down 

• Six osdilator configurations 

- Quartz crystal 

- Ceramic resonator 

- RC 

- LC 

- External 

• Input supply range from 1 .8V to 6V 

• Operating frequency from DC to 12MHz 

The 8XCL410 can be operated from a single 
battery supply which can vary between 1 .8V 
and 6V, and for an AC supply the part 
requires only a simple voltage regulator. In 
some cases the part can be operated from an 
unstabilized supply, eliminating altogether the 
need for a regulator. 

The power consumption of the part is much 
lower than that of a standard 80C51 . 
Operating at 3.5MHz from a 3V supply, the 
8XCL410 typically draws less than 1mA of 
current. The power consumption of the part is 
directly related to the supply voltage and 
clock frequency. As the supply voltage or 
clock frequency are increased, the power 


consumption also Increases. At 1 2MHz and a 
supply voltage of 5V, the 8XCL410 will draw 
about 10mA of current, which is slightly less 
than the current that an 80C51 would require. 

The advantage that the 8XCL410 has over 
the 80C51 is in its ability to operate at very 
low frequencies and supply voltages. This 
makes the part an ideal choice for 
applications where power is supplied from 
batteries, or where low supply voltages or 
clock frequency are necessary. The 8XCL410 
features a fully static design. Using the 
on-chip oscillator, the clock frequency is 
limited to a minimum of 32kHz, but using an 
external oscillator the part can be operated 
down to DC. This means that the clock can 
be turned off, and when it is started again the 
microcontroller will continue with the action 
that it was performing when the clock was 
stopped. This is something that is impossible 
with dynamic devices because their internal 
nodes must be constantly refreshed. The 
static design of the 8XCL410 offers the user 
the ultimate in power-down modes, because 
the part can be stopped until it is needed and 
then started from where it was at when it was 
stopped, with no loss of internal states or 
data. The power consumption of the 
8XCL410 when the clock is stopped is less 
than IjiA. 

Differences from the 80C51 

Special Function Registers 
The 8XCL410 contains most of the special 
function registers found in the 80C51 as well 
as eight additional SFRs that have been 
added to handle the I^C serial interface and 
eight additional external interrupts. The 
standard UART found on the 80C51 has 
been replaced with an I^C serial interface, so 
the SFRs SCON and SBUF have been 
removed. Four SFRs have been added to 
handle the I^C interface; they are: SI CON, 

SI DAT. S1STA, and S1ADR. 

The interrupt structure on the 8XCL410 has 
been upgraded to include eight additional 
external interrupts. The IE and IP registers on 
the 80C51 have had their names changed on 
the 8XCL410 to lENO and IPO. In addition, 
two SFRs have been added to handle the 


additional external interrupts. The registers 
are IEN1 and IP1. 

Two more SFRs are added to allow the user 
to set the polarity of the additional external 
interrupts and to hold the Interrupt request 
flags for those added interrupts. The SFRs 
are the interrupt polarity register (1X1) and the 
interrupt request flag register (IRQ1 ). 

Table 1 shows the special function registers, 
their locations, and their reset values for the 
8XCL410. 

I^C Serial Interface 

The serial port supports the two-wire I^C bus. 
The I^C bus consists of a data line (SDA) and 
a clock line (SCL). These lines are 
multiplexed functions of I/O port pins PI .7 
and PI .6, respectively. The main features of 
the bus are: 

• Bidirectional data transfer between masters 
and slaves 

• True multimaster bus 

• Arbitration between simultaneously 
transmitting masters without loss or 
corruption of the serial data on the bus 

• Synchronized clock allows devices with 
different bit rates to communicate 

• The serial clock synchronization can be 
used as a handshake mechanism to 
suspend and resume serial transfer. 

The CPU of the 8XCL410 interfaces to the 
I^C logic via four special function registers. 
The registers are SI CON (I^C control 
register), SI DAT (data register), S1STA 
(status register), and SI ADR (slave address 
register). 

A detailed discussion of the I^C bus is given 
in section 2 of this users’ guide. The I^C 
interface used on the 8XCL410 is functionally 
identical to the one on the 8XC552. A 
detailed discussion of this I^C hardware is 
given in the 8XC552 section, so the 
discussion here will be limited to a review of 
each of the four I^C special function registers. 
A block diagram of the I^C serial Interface is 
shown in Figure 1 . 

The functions of the I^C interface are 
controlled by the SI CON register. 
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Table 1 . 8XCL41 0 Special Function Registers 


SYMBOL 

DESCRIPTION 

DIRECT 

ADDRESS 

BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 

MSB LSB 

RESET 

VALUE 

ACC* 

Accumulator 


E7 

E6 

E5 

E4 

E3 

E2 

El 

EO 

OOH 

B* 

B register 

Bl 

F7 

F6 

F5 

F4 

F3 

F2 

FI 

FO 

OOH 

DPTR: 

Data pointer 












(2 bytes); 











DPH 

High byte 

83H 









OOH 

DPL 

Low byte 

82H 









OOH 




BF 

BE 

BD 

BC 

BB 

BA 

B9 

B8 


IPO*# 

Interrupt priority 0 

B8H 

- 

- 

PS1 

1 - 


PX1 

PTO 

1 PXO 

xxOOOOOOB 




FF 

FE 

FD 

FC 

FB 

FA 

F9 

F8 


IP1*# 

Interrupt priority 1 

F8H 

PX9 

PX8 

PX7 

PX6 


PX4 

PX3 

1 PX2 

OOH 




AF 

AE 

AD 

AC 

AB 

AA 

A9 

A8 


lENO*# 

Interrupt enable 0 

A8H 

EA 

- 

ESI 

1 - 

ET' 

EX1 

ETO 

1 EXO 

OOH 




EF 

EE 

ED 

EC 

EB 

EA 

E9 

E8 


IEN1*# 

Interrupt enable 1 

E8H 

EX9 

EX8 

EX7 

EX6 

r EX5 

EX4 

EX3 

1 EX2 

OOH 




C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 


IRQ1*# 

Interrupt request flag 

COH 

109 

IQ8 

IQ7 

106 

l°5 

104 

103 

102 

OOH 

1X1# 

Interrupt polarity 

E9H 









OOH 

PO* 

Porto 

80H 

87 

86 

85 

84 

83 

82 

81 

80 

FFH 

PI* 

Porti 

90H 

97 

96 

95 

94 

93 

92 

91 

90 

FFH 

P2* 

Port 2 

AOH 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 

FFH 

P3* 

Port 3 

BOH 

B7 

B6 

B5 

B4 

B3 

B2 

Bl 

BO 

FFH 

PCON 

Power control 

87H 



- 

1 - 



1 PD 


OxxxOOOOB 




D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 


PSW* 

Program status word 

DOH 

CY 

i AC 1 

FO 

1 RS1 

1 RSO 

OV 

1 - 

1 p 

OOH 

S1ADR# 

Slave address 

DBH 









OOH 




DF 

DE 

DD 

DC 

DB 

DA 

D9 

D8 


SI CON*# 

Serial control 

D8H 

- 

ENS1 1 

STA 

I STO 

SI 

AA 

1 CR1 

CRO 

xOOOOOOOB 

SI DAT# 

Serial data 

DAH 









OOH 

S1STA# 

Serial status 

DOH 









11111000B 

SP 

Stack pointer 

81 H 









07H 




8F 

8E 

8D 

8C 

8B 

8A 

89 

88 


ICON* 

Timer/counter control 

88H 


TR1 1 

TFO 


1 IE1 

IT1 



OOH 






TMOD 

Timer/counter mode 

89H 

GATE 

C/T 

Ml 

MO 

1 GATE 

C/T 

Ml 

MO 

OOH 

THO 

Timer 0 high byte 

8CH 









OOH 

TH1 

Timer 1 high byte 

8DH 









OOH 

TLO 

Timer 0 low byte 

8AH 









OOH 

TL1 

Timer 1 low byte 

8BH 









OOH 


* SFRs are bit addressable. 

# SFRs are modified from or added to the 80C51 SFRs. 
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S1CON (D8H) 

7 6 5 4 3 2 1 0 

I - I ENSl| STA I STO I SI | AA | CRi | CRo] 

CRO and CR1 — Clock Rate bits. These bits 
determine the serial dock (SCL) frequency 
when the 8XCL410 is in the master mode. 
The various SCL serial clock rates that can 
be achieved are shown in Table 2. 

The SCL rate generated when both CRO and 
CR1 are low is usually used when the I^C 
interface on other parts are software driven 
and slow. The maximum SCL rate is 100kHz 
and can be derived from either a 12MHz or 
6MHz oscillator. A variable bit rate can be 
used if timer 1 is not required for another 
purpose while the 8XCL410 is in the master 
mode. 

The CRO and CRI bits have no effect when 
the part is in the slave mode, because SCL is 
generated only by the bus master. In the 
slave mode, the part will automatically 
synchronize with the I^C bus clock frequency. 

AA — ^Assert Acknowledge. When the AA bit is 
set (1), an acknowledge will be returned 
when the 8XCL410 recognizes its own slave 
address, recognizes the general call address 
if SI ADR.O is set (1 ), or receives a data byte 
while it is either the bus master or the 
selected slave. If AA is not set (0), then no 
acknowledge will be returned for any 
condition. The I^C bus hardware is not 
disabled, but the part will not respond to its 


own slave address or the general call 
address (even is SI ADR is set), nor will it 
acknowledge received bytes. 

SI — Serial Interrupt flag SI is set by hardware 
when one of 25 of the 26 possible I^C 
hardware states on the 8XCL410 is entered. 
The only state that does not cause SI to be 
set is F8H, which indicates that no relevant 
state information is available. An interrupt will 
only be requested while SI is set (1) and the 
serial interrupt is enabled in the lENO 
(interrupt enable) SFR. When SI is set, the 
low period of the I^C dock (SCL) is sketched 
(that is, held low) until SI is cleared. SI can 
only be deared by software. 

STO — STOp flag. When the 8XCL410 is in 
the master mode and STO is set (1), a stop 
condition will be forced on the I^C bus by the 
part. When the stop is detected on the bus by 
the 8XCL410's hardware, it will clear the STO 
flag. 

STA — STArt flag. When the 8XCL410 is set 
to enter the master mode and STA is set (1), 
the part will check the status of the PC bus 
and generate a START condition If the bus is 
free. If the bus is not free, the 8XCL41 0 will 
wait for a STOP condition on the I^C bus and 
then after a half period delay (of SCL) it will 
generate a START. 

If both STA and STO are set, and the part is 
in the master mode, a STOP will be forced on 
the bus, and then following that with the 
appropriate delays, a START will be forced. 


ENS1— Enable I^C Serial Port. When ESN1 
is low, the part will not respond to its address 
or any activity on the I^C bus. The SDA and 
SCL outputs are in a high impedance state. 

PI .6 and PI .7 can be used as open drain 
port pins. When ENS1 is set(1), the I^C 
serial port is enabled. Port latches PI .6 and 
PI .7 must be set(1). 

ENS1 should not be used to temporarily 
release the bus, because the I^C bus status 
SI STA is cleared and the part’s bus status 
lost when ESN1 Is reset (0). To temporarily 
idle the bus, the AA flag should be used. 

The data to be transmitted to or received 
from the I^C bus is written into or read from 
the SI DAT register. 

SIDAT(DAH) 

7 6S43210 

I SD7 I SD6 I SOS I SD4 I SD3 I SD2 | SDl | SD^ 

SD7-SD0 — Serial Data bits. A byte to be 
transmitted is written into this register, and a 
byte received is read from this register. A 1 in 
the register corresponds to a high level on the 
bus, and a 0 corresponds to a low level. Data 
shifts into or out of the register from left to 
right. 

The status of the bus can be determined at 
any time by reading the SI STA register. This 
is a read only register in which the three least 
significant bits are always zero (0). 



Figure 1. Serial i/O 


Table 2. SCL Frequency (kHz) at fosc 


cm 

CRO 

6MHz 

12MHz 

16MHz 

fosc DiVIDED BY 

0 

0 

6.25 

12.5 

17 

960 

0 

1 

50 

100 

NA 

120 

1 

0 

100 

NA 

NA 

60 

1 

1 

0.25 <31 .25 

0.5 <62.5 

0.65 < 83.3 

96 X (256 - Timer 1 reload range 
0-254 in mode 1 ) 


March 1993 


250 








Philips Semiconductors 80C51 -Based 8-Bit Microcontrollers 


Low power 80CL51 family 
derivatives 


S1STA (D9H) 

7 6 S 4 3 2 1 0 

I SC4 I SC3 I SC2 1 SCI I SCO I 0 | 0 | 0 ] 

SC4-SC0 — Status Code bits. These bits hold 
a status code that indicates the current status 
of the bus. The contents of these bits can be 
used to vector to a service routine, which 
optimizes the response time of the software 
and consequently that of the I^C bus. 

The following is a list of the status codes for 
each S1STA value. 

Master Transmitter Mode 

08H - A START condition has been 
transmitted. 

10H - A repeated START condition has 
been transmitted. 

1 8H - Slave address and write bit 

transmitted, acknowledge received. 
20H - Slave address and write bit 
transmitted, acknowledge not 
received. 

28H - Data transmitted, acknowledge 
received. 

30H - Data transmitted, acknowledge not 
received. 

38H - Arbitration lost while transmitting 
slave address, R/W bit, or data. 

Master Receiver Mode 

38H - Arbitration lost while returning 
acknowledge. 

40H - Slave address and read bit 

transmitted, acknowledge returned. 
48H - Slave address and read bit 

transmitted, acknowledge not 
returned. 

50H - Data received, acknowledge returned. 
58H - Data received, acknowledge not 
returned. 

Slave Receiver Mode 

60H - Own slave address and write bit 
received, acknowledge returned. 

68H - Arbitration lost. Own slave address 
and write bit received, acknowledge 
returned. 

70H - General call received, acknowledge 
returned. 

78H - Arbitration lost. General call received. 
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80H - Received own slave address and 
data byte, acknowledge returned. 

88H - Received own slave address and 

data byte, acknowledge not returned. 
90H - Received general call and data byte, 
acknowledge returned. 

98H - Received general call and data byte, 
acknowledge not returned. 

AOH - Stop or repeated start received while 
still addressed as slave transmitter or 
receiver. 

Slave Transmitter Mode 

A8H - Own slave address and read bit 
received, acknowledge returned. 

BOH - Arbitration lost. Own slave address 
and read bit received, acknowledge 
returned. 

B8H - Data byte transmitted, acknowledge 
received. 

COH - Data byte transmitted, acknowledge 
not received. 

C8H - Last data byte transmitted, 
acknowledge received. 

All Modes 

OOH - Bus error due to an erroneous start or 
stop condition 

The slave address that the part is to respond 
to is put into the SI ADR special function 
register. 

SIADR(DBH) 

7 6 5 4 3 2 1 0 

I SA7 I SA6 I SA5 | SA4 | SA3 | SA2 | SAl | SA^ 

SA7-SA1— Slave Address bits. The 7-bit 
slave addresses that the part is to respond to 
is loaded into these seven bits. 

SAG — This bit can be set so that the part will 
respond to a general call address on the I^C 
bus. Clearing (0) this bit will prevent the part 
from responding to a general call address. 

The Interrupt Structure 

External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronous to the execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution, a multiple-source. 


two-priority level, nested interrupt system is 
provided. The 8XCL410 acknowledges 
interrupt requests from 13 sources as follows; 


Priority 

Source 

Vector 

Address 

Function 

Highest 

INTO 

0003H 

External 
interrupt 0 


SI 

002BH 

I^C serial 
interrupt 


INT5 

0053H 

External 
interrupt 5 


TO 

OOOBH 

Timer 0 
interrupt 


INT6 

005BH 

External 
interrupt 6 


INTI 

001 3H 

External 
interrupt 1 


INT2 

003 BH 

External 
interrupt 2 


INT7 

0063H 

External 
interrupt 7 


T1 

001 BH 

Timer 1 
interrupt 


INT3 

0043H 

External 
interrupt 3 


INT8 

006 BH 

External 
interrupt 8 


INT4 

004BH 

External 
interrupt 4 

Lowest 

INT9 

0073H 

External 
interrupt 9 


There are six special function registers 
associated with the interrupt portion of the 
8XCL410. They are lENO, IPO, IEN1, IP1, 

1X1 , and IRQ1. Following is a detailed 
description of each. 

lENO— Interrupt Enable register zero. This 
register has the same function as the IE 
register found on the 80C51. The only 
difference between the two is that the bit that 
controls the serial interface interrupt has been 
moved from bit 4 to bit 5. This has been done 
because the 8XCL410 has an PC serial 
interface and bit 5 is used on other parts for 
the I^C interrupt enable bit. 
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lENO (ASH) 

7 6 S 4 3 2 1 0 

I EA I - I ESI I - I ET1 I EX1 I ETO | EX^ 

EA - General Enable/Disable control 

0 = All interrupts disabled. 

1 = Interrupts can be individually 

enabled or disabled. 

ESI - I^C interrupt enable. 

(1 = enabled. 0 = disabled) 

ET1 - Timer 1 interrupt enable. 

(1 = enabled, 0 = disabled) 

EX1 - External interrupt 1 enable. 

(1 = enabled, 0 = disabled) 

ETO - Timer 0 interrupt enable. 

(1 = enabled, 0 = disabled) 

EXO - External interrupt 0 enable. 

(1 = enabled, 0 = disabled) 

IPO — Interrupt Priority register zero. This 
register has the same function as the IP 
register on the 80C51 . The only difference is 
that the serial interface priority is set on bit 5, 


IPO (B8H) 

7 6 S 4 3 2 1 0 

I - I - I PSI I - I PTI I PX1 I PTO I PXO I 

PS1 - I^C interrupt priority. 

(1 = high, 0 = low) 

PT1 - Timer 1 interrupt priority. 

(1 = high, 0 = low) 

PX1 - External interrupt 1 priority. 

(1 = high, 0 = low) 

PTO - Timer 0 interrupt priority. 

(1 = high, 0 = low) 

PXO - External interrupt 0 priority. 

(1 = high, 0 = low) 

IEN1 — Interrupt Enable register one. This 
register contains the interrupt enables for the 
eight external interrupts that have been 
added to the 8XCL410. 


IEN1 (E8H) 

7 6 S 4 3 2 1 0 

I EX9 I EXB I EX7 I EX6 I EXS | EX4 | EX3 | EX2 | 

EX9-EX2— External interrupt enables for 
external interrupts 2 - 9. (0 = disabled. 1 = 
enabled) 

IP1 — Interrupt priority register one. This 
register allows the priority level of each of the 
additional external interrupt enables to be set. 


IP1 (F8H) 

7 6 5 4 3 2 1 0 

I PX9 I PX8 I PX7 I PX6 I PXS | PX4 | PX3 | PX^ 

PX9-PX2 — External interrupt priority for 
external interrupts 2 - 9. (0 = low, 1 = high) 

1X1 — Interrupt Polarity register. This register 
allows the programmer to determine the 
polarity of external interrupts 2-9 that will be 
sensed for the interrupt. If the bit for an 
interrupt is set to 1 , then the interrupt will be 
triggered by a high input on that external 
interrupt. If the bit is cleared to 0, then the 
interrupt will be triggered by a low on that 
external interrupt. 

1X1 (E9H) 

7 6 5 4 3 2 1 0 

I IL9 I ILB I IL7 I IL6 | IL5 | iL4 | IL3 | IL2 | 

IL9-IL2 — External Interrupt polarity bits 
corresponding to external interrupts 9-2. 

(1 = high trigger, 0 = low trigger) 

IRQ1 — Interrupt Request flag register. This 
register contains flags that are set when one 
of the external interrupts 2-9 are requested. 
The flags will only be set if the corresponding 
interrupt is enabled in the IE1 register. The 
flags must be cleared by software. 

IRQ1 (COH) 

7 6 5 4 3 2 1 0 

I 109 I IQB I IQ7 I IQ6 | IQS | 104 | 103 | IQ^ 

I Q9-IQ2— External interrupt request flags for 
external interrupts 9-2. 

Power-Down Mode 

In addition to being able to reduce the power 
consumption by stopping the clock, there are 
both idle and power-down modes available. 
These operate exactly the same as the idle 
and power-down modes on the 80C51 . There 
is only one difference and that is that it is 
possible to terminate a power-down condition 
with either a reset or an external interrupt. 

To be able to wake up the part from the 
power-down state with an external interrupt, 
both the PD and IDL bits of the PCON 
register must be set when entering the 
power-down mode. If only the PD bit is set, 
the power-down mode will only be terminated 
by a hardware reset. With both bits set, an 
interrupt on any of the additional external 
interrupts, INT2-INT9, will cause the part to 
wake up. To ensure that the oscillator is 
stable before the controller restarts, the 
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internal clock will remain inactive for 1536 
oscillator periods after the interrupt is 
detected. After this, the PD flag will be reset, 
and the part will be in the idle mode, and the 
interrupt will be handled in the normal way. 
Figure 2 shows the different oscillator delays 
associated with the two methods of waking 
the part up from the power-down mode. 

Low Power Consumption 

The 8XCL410 is targeted toward low power 
applications in industrial control, portable 
instrumentation, intelligent computer 
peripherals, portable consumer products, and 
smart cards. Working from a single supply 
which can vary between 1 .8V and 6V, the 
8XCL410 requires only a simple voltage 
regulator. In many cases it can be operated 
from an unstabilized supply, eliminating 
altogether the need fora regulator. A typical 
8XCL410 device draws 1mA from a 3V 
supply when running at a 3.5MHz clock 
frequency. Current consumption in the idle 
and power-down modes is reduced further to 
less than 0.5mA and 1 pA, respectively. 

The 8XCL410 can be operated at clock 
frequencies up to 12MHz. At these 
frequencies and a 5V supply voltage, the part 
will draw current similar to that of a standard 
80C51 . For the 8XCL410, the reduction in 
power is a function of both the clock 
frequency and the supply voltage. Power 
dissipation is reduced by lowering the clock 
frequency and/or reducing the supply voltage. 
A standard Philips 80C51 will operate down 
to a clock frequency of 0.5MHz and a supply 
voltage of 4V. The advantage of the 
low-power 8XCL410 is that it can be run at 
frequencies as low as 32kHz with the internal 
oscillator (DC when an external oscillator 
circuit is used), and that the voltage supply 
levels can be reduced down to 1 .8V. To 
obtain maximum power reduction, the part 
can be operated with both reduced clock 
frequency and reduced voltage supply. 

The low voltage operation of the 8XCL410 is 
due in part to the Philips SACMOS process. 
This is a self aligned contact CMOS process 
in which the isolation regions between the 
contacts and the edge of the isolation have 
been eliminated. This significantly reduces 
the size of the die, which in turn reduces the 
parasitic capacitances and drain resistance. 
This means that for a given clock speed, 
parts fabricated in the SACMOS process will 
require less power, and this is most apparent 
at low frequencies and voltage supply levels. 
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DESCRIPTION 

The 80CL410/83CL410 (hereafter generically 
referred to as 8XCL410) is manufactured in 
an advanced CMOS process that allows the 
part to operate at supply voltages down to 
1.8V and oscillator frequencies down to DC. 
The 8XCL410 has the same instruction set as 
the 80C51 . 

The 8XCL410 features a 4k byte ROM 
(83CL410), 1 28 bytes RAM (both ROM and 
RAM are externally expandable to 64k bytes), 
four 8-bit ports, two 16-bit timer/counters, an 
Pc serial interface, a thirteen source, two 
priority level nested interrupt structure, and 
on-chip oscillator circuitry suitable for quartz 
crystal, ceramic resonator, RC, or LC. 

The 8XCL410 has two reduced power modes 
that are the same as those on the standard 
80C51 . The special reduced power feature of 
this part is that it can be stopped and then 
restarted. Running from an external clock 
source, the clock can be stopped and after a 
period of time restarted. The 8XCL410 will 
resume operation from where it was when the 
code stopped with no loss of internal state, 
RAM contents, or Special Function Register 
contents. If the Internal oscillator is used the 
part cannot be stopped and started, but the 
power-down mode, which can be terminated 
via an interrupt, can be used to achieve 
similar power savings and then restart 
without loss of on-chip RAM and Special 
Function Register values. 


FEATURES 

• Supply voltage from 1 .8 to 6.0V 

• Operating frequency from 32kHz to 12MHz 

• 80C51 based architecture 

- 4k X 8 ROM (64k external) 

- 128 X 8 RAM (64k external) 

- Four 8-bit I/O ports 

- Two 1 6-bit timer/counters 

- A thirteen-source, two-level, nested 
priority interrupt structure 

- 10 external interrupts 

• Fully static 80C51 CPU 

• I^C Serial Interface 

• Two power control modes 

- Idle mode 

- Power-down mode - can be terminated 
by reset or external interrupt 

• Wake-up via external interrupts at port 1 

• On-chip oscillator (quartz crystal, ceramic 
resonator, RC, LC) 

• Very low power consumption 

• Operating temperature range: 

-40 to +85°C 


PIN CONFIGURATION 


INT2/P1.0 [T 


^ Vdd 

INT3/P1.1 [y 


3^ PO.O/ADO 

INT4/P1.2 jT 


^ P0.1/AD1 

INT5/P1.3 [T 


^ P0.2/AD2 

INT6/P1.4 |T 


36] P0.3/AD3 

INT7/P1.5 [T 


^ P0.4/AD4 

SCUINT8/P1.6 [F 


^ P0.5/AD5 

SDA4NT9/P1.7 [T 


^ P0.6/AD6 

rst[T 


3^ P0.7/AD7 

P3.o[io 

DIP 


P3.1 [F 

vso 

^ ALE 

nTnj/P3.2 


^ P5EN 

lNTr/P3.3 [l3 


^ P2.7/A15 

T0/P3.4 [u 


^ P2.6/A14 

T1/P3.5 (« 


^ P2.5/A13 

WR/P3.6 Qi 


^ P2.4/A12 

my/P3.7 [l7 


^ P2.3/A11 

XTAL2 [« 


23 ] P2.2/A10 

XTALl [l9 


^ P2.1/A9 

Vss® 


^ P2.0/A8 


ORDERING CODE 


PHILIPS PART ORDER NUMBER 
PART MARKING 

PHILIPS NORTH AMERICA 
PART ORDER NUMBER^ 

TEMPERATURE °C 


Drawing 

ROMIess 

ROM 

ROMIess 

ROM 

AND PACKAGE 

FREQUENCY 

Number 

P80CL410HFP 

P83CL410HFP 

P80CL410HFN 

P83CL410HFN 

-40 to +85, Plastic Dual In-line 
Package 

32kH2 to 
12MHz 

SOT129 

P80CL410HFT 

P83CL410HFT 

P80CL410HFD 

P83CL410HFD 

-40 to +85, Plastic Very Small Outline 
Package 

32kHZ to 
12MHz 

SOT158A 


NOTE: 


1 . Parts ordered by the Philips North America part number will be marked with the Philips part marking. 


For emulation purposes, the P85CL000 (Piggyback version) with 256 bytes of RAM is recommended. 
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PIN DESCRIPTION 


MNEMONIC 

PIN NO. 

TYPE 

NAME AND FUNCTION 

Vss 

20 

1 

Ground: OV reference. 

Vdd 

40 

1 

Power Supply: This is the power supply voltage for normal, idle, and power-down operation. 

PO.0-0.7 

39-32 

I/O 

Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have Is written to them float and 
can be used as high-impedance inputs. Port 0 is also the multiplexed low-order address and data bus 
during accesses to external program and data memory. In this application, it uses strong internal 
pull-ups when emitting Is. 

PI. 0-PI. 7 

1-8 

I/O 

Port 1: Port 1 is an 8-bit bidirectional I/O port witfi Internal pull-ups. Port 1 pins that have Is written to 
them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 1 pins that are 
externally pulled low will source current because of the internal pull-ups. (See DC Electrical 
Characteristics; \\i). Additional functions include: 


7 

I/O 

SCL (P1.6): I^C serial bus clock. 


8 

I/O 

SDA (P1.7): I^C serial bus data. 


1-8 

1 

INT2-INT9 (P1.0-P1.7): Additional external interrupts. 

P2.0-P2.7 

21-28 

I/O 

Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have Is written to 
them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 2 pins that are 
externally being pulled low will source current because of the internal pull-ups. (See DC Electrical 
Characteristics; I|l). Port 2 emits the high-order address byte during fetches from external program 
memory and during accesses to external data memory that use 16-bit addresses (MOVX @DPTR). In 
this application, it uses strong internal pull-ups when emitting 1s. During accesses to external data 
memory that use 8-bit addresses (MOV @Ri). port 2 emits the contents of the P2 special function 
register. 

P3.0-P3.7 

10-17 

I/O 

Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have Is written to 
them are pulled high by the Internal pull-ups and can be used as inputs. As inputs, port 3 pins that are 
externally being pulled low will source current because of the pull-ups. (See DC Electrical 

Characteristics; I|l) Port 3 also serves the spedal features of the 80C51 family, as listed below; 


12 

1 

into (P3.2): External interrupt 0 


13 

1 

TRTT (P3.3): External interrupt 1 


14 

1 

TO (P3.4): Timer 0 external input 


15 

1 

T1 (P3.5): Timer 1 external input 


16 

0 

WR (P3.6): External data memory write strobe 


17 

o 

TTD (P3.7): External data memory read strobe 

RST 

9 

1 

Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. An 
internal diffused resistor to Vss permits a power-on reset using only an external capacitor to Vdd- 

ALE 

30 

o 

Address Latch Enable: Output pulse for latching the low byte of the address during an access to 
external memory. In normal operation, ALE is emitted at a constant rate of 1/6 the oscillator frequency, 
and can be used for external timing or clocking. Note that one ALE pulse is skipped during each access 
to external data memory. 

PSEN 

29 

o 

Program Store Enable: The read strobe to external program memory. When the device is executing 
code from the external program memory, PSEN is activated twice each machine cycle, except that two 
PSEN activations are skipped during each access to external data memory. PSEN Is not activated 
during fetches from internal program memory. 

EA 

31 

1 

External Access Enable: EA must be externally held low to enable the device to fetch code from 
external program memory locations OOOOH to 1FFFH. If EA is held high, the device executes from 
internal program memory unless the program counter contains an address greater than OFFFH. 

XTAL1 

19 

1 

Crystal 1 ; Input to the inverting osdilator amplifier and Input for an external clock source. 

XTAL2 

18 

o 

Crystal 2: Output from the inverting oscillator amplifier. 
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PORT OPTIONS 

The pins of port 1 (not PI .6/SCL or 
P1 .7/SDA), port 2, and port 3 may be 
individually configured with one of the 
following port options (see Figure 1 ): 

Option 1 ; Standard Port— 

quasi-bidirectional I/O with pull-up. 
The strong booster pull-up p1 is 
turned on for two oscillator periods 
after a O-to-1 transition in the port 
latch. See Figure 1(a). 

Option 2: Open Drain — quasi-bidirectional 
I/O with n-channel open drain 
output. Use as an output requires 
the connection of an external 
pull-up resistor. See Figure 1 (b). 

Option 3: Push-Pull — output with drive 

capability in both polarities. Linder 
this option, pins can only be used 
as outputs. See Figure 1 (c). 

The definition of port options for port 0 is 
slightly different. 


Two cases have to be examined. First, 

accesses to external memory (EA = 0 or 

access above the built-in memory boundary). 

and second, I/O accesses. 

External Memory Accesses 

Option 1 : True 0 and 1 are written as 

address to the external memory 
(strong pull-up is used). 

Option 2: An external pull-up resistor is 
needed for external accesses. 

Option 3; Not allowed for external memory 
accesses as the port can only be 
used as output. 

I/O Accesses 

Option 1 : When writing a 1 to the port latch, 
the strong pull-up pi will be on for 
two oscillator periods. No weak 
pull-up exists. Without an external 
pull-up, tiiis option can be used as 
a high-impedance input. 


80CL410/83CL410 


Option 2: Open drain — quasi-bidirectional I/O 
with n-channel open drain output. 
Use as an output requires the 
connection of an external pull-up 
resistor. See Figure 1(c). 

Option 3: Push-Pull — output with drive 

capability in both polarities. Under 
this option, pins can only be used 
as outputs. 

Individual mask selection of the post-reset 
state is available on any of the above pins. 
Make your selection by appending “S” or “R” 
to option 1, 2, or 3 above (e.g., IS for a 
standard I/O to be set after RESET or 2R for 
an open-drain I/O to be reset after RESET. 

Option S; Set — after reset, this pin will be 
initialized High. 

Option R: Reset — after reset, this pin will be 
initialized Low. 
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POWER-DOWN MODE 

The instruction setting PCON.1 is the last 
executed prior to going into the power-down 
mode. In power-down mode, the oscillator is 
stopped. The contents of the the on-chip 
RAM and SFRs are preserved. The port pins 
output the values held by their respective 
SFRs. ALE and PSEN are held low. 
Power-down operates in wake-up mode and 
reset mode. 

In the power-down mode, Vdd may be 
reduced to minimize power consumption. 
However, the supply voltage must not be 
reduced until the power-down mode is active, 
and must be restored before the hardware 
reset is applied and frees the oscillator. Reset 
must be held active until the oscillator has 
restarted and stabilized. 

Wake-Up Mode 

Setting both PD and IDL flags in the PCON 
register forces the controller into the 
power-down mode. Setting both flags enable 
the controller to be woken-up from the 
power-down mode with either the external 
interrupts INT2-INT9, or a reset operation. 

An external interrupt INT2-INT9 at port 1 
releases both the oscillator and the delay 
counter. To ensure that the oscillator is stable 


before the controller restarts, the internal 
clock will remain inactive for 1536 oscillator 
periods after the interrupt is detected. After 
this, the PD flag will be reset, the controller is 
now in the Idle mode and the interrupt will be 
handled in the normal way. 

Reset Mode 

Setting only the PD bit in the PCON register 
again forces the controller into the 
power-down mode, but in this case it can only 
be restored to normal operation with a direct 
reset operation. 

IDLE MODE 

The instruction that sets PCON.O is the last 
instruction executed before going into idle 
mode. In idle mode, the internal clock is 
stopped for the CPU, but not for the interrupt, 
timer, and serial port functions. The CPU 
status is preserved along with the stack 
pointer, program counter, program status 
word and accumulator. The RAM and all 
other registers maintain their data during idle 
mode. The port pins retain the logical states 
they held at idle mode activation. ALE and 
PSER hold at the logic high level. 

There are two methods used to terminate the 
idle mode. Activation of any interrupt will 


cause PCON to be cleared by hardware; 
terminating idle mode. The interrupt is 
serviced, and following the instruction RETI, 
the next instruction to be executed will be the 
one following the instruction that put the 
device in the the idle mode. 

Flag bits GFO and GF1 can be used to 
determine whether the interrupt was received 
during normal execution or Idle mode. For 
example, the instruction that writes to 
PCON.O can also set or clear one or both flag 
bits. When idle mode is terminated by an 
Interrupt, the service routine can examine the 
status of the flag bits. 

The second method of terminating the idle 
mode is with an external hardware reset. 
Since the oscillator is still running, the 
hardware reset is required to be active for 
only two machine cycles to complete the 
reset operation. Reset redefines all SFRs, but 
does not affect the on-chip RAM. 

The status of the external pins during idle and 
power-down mode is shown in Table 1 . If the 
power-down mode is activated while 
accessing external memory, port data held in 
the special function register P2 Is restored to 
port 2. If the data is a logic 1, the port pin is 
held high during the power-down mode. 


Table 1 . External Pin Status During Idle and Power-Down Modes 


MODE 

PROGRAM MEMORY 

ALE 

PSER 

PORTO 

PORT1 

PORT 2 

PORTS 

Idle 

Internal 

1 

1 

Data 

Data 

Data 

Data 

Idle 

External 

1 

1 

Floating 

Data 

Address 

Data 

Power-down 

Internal 

0 

0 

Data 

Data 

Data 

Data 

Power-down 

External 

0 

0 

Floating 

Data 

Data 

Data 
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Figure 2. Serial I/O 


|2C-BUS SERIAL I/O 

The serial port supports the twin line I^C-bus. 
The I^C-bus consists of a data line (SDA) and 
a clock line (SCL). These lines also function 
as I/O port lines PI .7 and P1 .6 respectively. 
The system is unique because data transport, 
clock generation, address recognition and 
bus control arbitration are all controlled by 
hardware. The I^C-bus serial I/O has 
complete autonomy in byte handling and 
operates in four modes: 

- Master transmitter 

- Master receiver 

- Slave transmitter 

- Slave receiver 

These functions are controlled by the S1 CON 
register. S1STA is the status register whose 
contents may also be used as a vector to 
various service routines. S1 DAT is the data 
shift register and SI ADR the slave address 
register. Slave address recognition is 
performed by hardware. 

S1CON (D8H) 

Serial control register 


E 

ENSI 

STA 

STO 



CR1 

CRO 


CRO, CR1 These two bits determine the 

serial clock frequency when SIO 
is in a master mode. 


AA Assert acknowledge bit. When 

the AA flag is set, an 
acknowledge (low level to SDA) 
will be returned during the 
acknowledge clock pulse on the 
SCL line when: 

- own slave address is received 

- general call address is 
received (S1ADR.0 = 1) 

- data byte received while 
device is programmed as 
master 

- data byte received while 
device is selected slave 

Withe = 0. no acknowledge 
will be returned. Consequently, 
no Interrupt is requested when 
the “own slave address” or 
general call address is received. 

SI SIO interrupt flag. When the SI 

flag is set, an acknowledge is 
returned after any one of the 
following conditions; 

- a start condition is generated 
in master mode 

- own slave address received 
during AA = 1 

- general call address received 
while S1ADR.0 and AA = 1 

- data byte received or 
transmitted in master mode 
(even if arbitration Is lost) 

- data byte received or 
transmitted as selected slave 

- stop or start condition received 
as selected slave receiver or 
transmitter 


STO STOP flag. With this bit set while 
in master mode, a STOP 
condition is generated. When a 
STOP condition is detected on 
the bus, the SIO hardware clears 
the STO flag. In the slave mode, 
the STO flag may also be set to 
recover from an error condition. 
In this case, no STOP condition 
is transmitted to the I^C-bus. 
However, the SIO hardware 
behaves as if a STOP condition 
has been received and releases 
SDA and SCL. The SIO then 
switches to the “not addressed” 
slave receiver mode. The STO 
flag is automatically cleared by 
hardware. 

STA START flag. When the STA bit is 
set in slave mode, the SIO 
hardware checks the status of 
the I^C-bus and generates a 
START condition if the bus is 
free. If STA is set while the SIO 
is in master mode, SIO transmits 
a repeated START condition. 

ENS1 When ENS1 = 0, the SIO is 
disabled. The SDA and SCL 
outputs are in a high-impedance 
state; PI .6 and P1 .7 function as 
open drain ports. 

When ENS1 = 1,the SIO is 
enabled. The P 1 .6 and P1 .7 port 
latches must be set to logic 1 . 
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S1STA (D9H) 
Status register 


SC4 

SC3 

SC2 

SCI 

SCO 

□ 

□ 

□ 


S1STA is an 8-bit read-only special function 
register. S1STA.3-S1STA.7 hold a status 
code. S1STA.0-S1STA.2 are held LOW. The 
contents of S1 STA may be used as a vector 
to a service routine. This optimizes response 
time of the software and consequently that of 
the |2C-bus. 

The following is a list of the status codes: 

Abbreviations used: 

SLA: 7-bit slave address 
R: Read bit 

W: Write bit 

ACK: Acknowledgement (acknowledge 
bit = 0) 

ACK: Not Acknowledge (acknowledge 
bit= 1) 

DATA: 8-bit byte to or from the I^C-bus 

MST: Master 

SLV: Slave 

TRX: Transmitter 

REC: Receiver 

MST/TRX mode 

S1 STA value 

OSH - a START condition has been 
transmitted 

10H - a repeated START condition has 
been transmitted 

18H - SLA and W have been transmitted, 
ACK received 

20H - SLA and W have been transmitted, 
ACK received 

28H - DATA of S1 DAT has been 
transmitted, ACK received 
30 H - DATA of S1 DAT has been 
transmitted, ACK received 
38H - Arbitration lost in SLA, R/W or DATA 


MST/REC mode 
S1 STA value 

38H - Arbitration lost while returning ACK 
40H - SLA and R have been transmitted, 
ACK received 

48H - SLA and R have been transmitted, 
ACK received 

50H - DATA has been received, ACK 
returned 

58H - DATA has been received, ACK 
returned 

SLV/REC mode 
S1STA value 

60H - Own SLA and W have been received, 
ACK returned 

68H - Arbitration lost in SLA, R/W as MST 
Own SLA and W have been received, 
ACK returned 

70H - General CALL has been received, 
ACK returned 

78H - Arbitration lost in SLA, R/W as MST. 

General CALL has been received 
80H - Previously addressed with own SLA. 

DATA byte received, ACK returned 
88H - Previously addressed with own SLA. 

DATA byte received, ACK returned 
90H - Previously addressed with general 

CALL. DATA byte has been received, 
ACK has been returned 
98H - Previously addressed with general 

CALL. DATA byte has been received, 
ACK has been returned 
AOH - A STOP condition or repeated START 
condition has been received while still 
addressed as SLV/REC or SLV/TRX 


SLV/TRX mode 

S1 STA value 

ASH - Own SLA and R have been received, 
ACK returned 

BOH - Arbitration lost in SLA, R/W as MST. 
Own SLA and R have been received, 
ACK returned 

B8H - DATA byte has been transmitted, 
ACK received 

COH- DATA byte has been transmitted, 
AcK received 

C8H- Last DATA byte has been transmitted 
(AA = logic 0), ACK received 

Miscellaneous 

SI STA value 

OOH - Bus error during MST mode or 
selected SLV mode, due to an 
erroneoqs START or STOP condition 

SIDAT(DAH) 

Data Shift Register 


7 6 5 4 3 2 1 0 


Data shift register S1 DAT 

This register contains the serial data to be 
transmitted or data that has just been 
received. Bit 7 is transmitted or received first, 
i.e., data is shifted from left to right. 

S1ADR (DBH) 

Slave Address Register 


7 6 5 4 3 2 1 0 


S1 ADR.O, GC: 0 = general CALL address is 
not recognized 
1 = general CALL address is 
recognized 

S1 ADR.7-1 : own slave address 

This 8-bit register may be loaded with the 
7-bit slave address, to which the controller 
will respond when programmed as a slave 
receiver/transmitter. The LSB bit (GC) is used 
to determine whether the general CALL 
address Is recognized. 
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INTERRUPT SYSTEM 

External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronous to the execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution, a multiple-source, 
two-priority level, nested interrupt system is 
provided. The 8XCL410 acknowledges 
interrupt requests from thirteen sources, as 
follows: 

- INTO and INT1 

- Timer 0 and timer 1 

- I^C-bus serial I/O interrupt 

- INT2tolNT9(port1) 

Each interrupt vectors to a separate location 
in program memory for its service routine. 
Each source can be Individually enabled or 
disabled by corresponding bits in the internal 
enable registers (lENO, IEN1) The priority 
level is selected via the interrupt priority 
register (IPO, IP1 ). All enabled sources can 
be globally disabled or enabled. 

External Interrupts INT2-INT9 

Port 1 lines serve an alternative purpose as 
eight additional interrupts INT2-INT9. When 
enabled, each of these lines can "wake-up” 
the device from power-down mode. Using the 
1X1 register, each pin may be initialized to 
either active high or low. IRQ1 is the interrupt 
request flag register. Each flag, if the interrupt 
is enabled, will be set on an interrupt request 
but it must be cleared by software. 

IEN1 (E8H) 

Interrupt enable register 


7 6 5 4 3 2 1 0 



Bit 

Symbol 

Function 

iEN1.7 

EX9 

Enable external interrupt 9 

IEN1.6 

EX8 

Enable external interrupt 8 

IEN1.5 

EX7 

Enable external interrupt 7 

IEN1.4 

EX6 

Enable external interrupt 6 

IEN1.3 

EX5 

Enable external interrupt 5 

IEN1.2 

EX4 

Enable external interrupt 4 

IEN1.1 

EX3 

Enable external interrupt 3 

IEN1.0 

EX2 

Enable external interrupt 2 

where 0 

= interrupt disabled 


1 = interrupt enabled 


IP1 (F8H) 

Interrupt priority register 


7 6 5 4 3 2 1 0 



Bit 

Symbol 

Function 

IP1.7 

PX9 

External interrupt 9 priority 
level 

IP1.6 

PX8 

External interrupt 8 priority 
level 

IP1.5 

PX7 

External interrupt 7 priority 
level 

IP1.4 

PX6 

External interrupt 6 priority 
level 

IP1.3 

PX5 

Externa! interrupt 5 priority 
level 

IP1.2 

PX4 

External interrupt 4 priority 
level 

1P1.1 

PX3 

External interrupt 3 priority 
level 

IP1.0 

PX2 

External interrupt 2 priority 
level 


Interrupt priority Is as follows: 
0- low priority 
1 - high priority 

1X1 (E9H) 

Interrupt polarity register 


7 6 5 4 3 2 1 0 



Bit 

Symbol 

Function 

1X1.7 

IL9 

External interrupt 9 polarity 
level 

1X1.6 

IL8 

External Interrupt 8 polarity 
level 

1X1.5 

IL7 

External interrupt 7 polarity 
level 

1X1.4 

IL6 

External interrupt 6 polarity 
level 

1X1.3 

IL5 

External interrupt 5 polarity 
level 

1X1.2 

IL4 

External interrupt 4 polarity 
level 

1X1.1 

IL3 

External interrupt 3 polarity 
level 

1X1.0 

IL2 

External interrupt 2 polarity 
level 


Writing either a "1 ’’ or “0” to an 1X1 register bit 
sets the priority level of the corresponding 
external interrupt to active High or Low, 
respectively. 


IRQI (COH) 

Interrupt request flag register 


7 6 5 4 3 2 1 0 



Bit 

Symbol 

Function 

IRQI .7 

109 

External interrupt 9 request 
flag 

IRQI .6 

IQ8 

External interrupt 8 request 
flag 

IRQI .5 

IQ7 

External interrupt 7 request 
flag 

IRQI. 4 

IQ6 

External interrupt 6 request 
flag 

IRQI. 3 

IQS 

External interrupt 5 request 
flag 

IRQI. 2 

IQ4 

External interrupt 4 request 
flag 

IRQ1.1 

IQ3 

External interrupt 3 request 
flag 

IRQ1.0 

IQ2 

External interrupt 2 request 
flag 


Priority Vector Source 

XO (highest) 0003H External 0 

SI 002BH |2C port 

X5 0053H External 5 

TO OOOBH Timer 0 

X6 005BH External 6 

XI 001 3H External 1 

X2 003BH External 2 

X7 0063H External 7 

T1 001 BH Timer 1 

X3 0043H External 3 

X8 006BH External 8 

X4 004BH External 4 

X9 (lowest) 0073H External 9 

SFR 

Register Function Address 

1X1 Interrupt polarity register E9H 

IRQI Interrupt request flag COH 

register 

lENO Interrupt enable register A8H 

IEN1 Interrupt enable register E8H 

(INT2-INT9) 

IPO Interrupt priority register B8H 

IP1 Interrupt priority register F8H 

(INT2-INT9) 
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OSCILLATOR CIRCUITRY 

The on-chip oscillator circuitry of the 
8XCL410 is a single stage inverting amplifier 
biased by an internal feedback resistor. (See 
Figure 3.) The osdilator can be operated with 
a quartz crystal, ceramic resonator, LC 
network or RC network. See Figure 4 for 
different configurations. When ordering parts, 
it is necessary to specify an oscillator option. 
The options are: RC when an RC network will 
be used, OSC 2 for oscillator operation below 
4MHz, OSC 3 for oscillator operation from 
4MHz to 10MHz, OSC 4 for oscillator 
operation above 10MHz, and 32kHz if 32kHz 
to 4CX)kHz operation is desired. 

For operation as a standard quartz oscillator, 
no external components are needed (except 
at 32KHz). When using external capacitors, 
ceramic resonators, coils, and RC networks 
to drive the oscillator, five different 
configurations are supported (see Figure 4 
and Table 2). 

In the power-down mode the oscillator is 
stopped and XTAL1 is pulled high. The 
oscillator inverter is switched off to ensure no 
current will flow. To drive the device with an 
external clock source, apply the external 
clock signal to XTAL1 , and leave XTAL2 to 
float, as shown in Figure 4(f). There are no 
requirements on the duty cycle of the external 
clock, since the input to the internal clocking 
circuitry is split using a flip-flop. 


The following options are provided for 
optimum on-chip osdilator performance. 
Please state option when ordering; 

32kHz; Figure 4(c). An option for 32kHz 
clock applications with external 
trimmer for frequency adjustment. 

A 4.7Mn bias resistor must be 
connected in parallel with the crystal. 

Osc.2: Figure 4(e). An option for low-power, 
low-frequency operations using LC 
components or quartz. 

Osc.3; An option for medium frequency 
range applications. 

Osc.4; An option for high frequency range 
applications. 

RC: Figure 4(g). An option for an RC 

oscillator. 

The equivalent circuit data of the internal 
oscillator compares with that of matched 
crystals. 

The externally adjustable RC oscillator has a 
frequency range from 1 0OkHz to 500kHz. 
(See Figure 6.) 


Power-on Reset 

The 8XCL410 contains on-chip drcuitry 
which switch the port pins to the 
customer-defined logic level as soon as Vqd 
exceeds 1 .3V. (See Figures 7 and 8.) As 
soon as the minimum supply voltage is 
reached, the osdilator will start up. However, 
to ensure that the osdilator is stable before 
the controller starts, the clock signals are 
gated away from the CPU for a further 1536 
oscillator periods. 

An hysteresis of approximately lOOmV at a 
typical power-on switching level of 1 .3V will 
ensure correct operation. 

An automatic reset can be obtained at 
power-on by connecting the RST pin to Vqd 
via a lOpF capacitor. At power-on, the 
voltage on the RST pin is equal to Vqd minus 
the capacitor voltage, and decreases from 
Vdd as the capacitor discharges through the 
internal resistor Rrst to ground. The larger 
the capacitor, the more slowly Vrst 
decreases. Vrst must remain above the 
lower threshold of the Schmitt trigger long 
enough to effect a complete reset. The time 
required is the oscillator start-up time, plus 2 
machine cycles. 
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(a) Oscillator Configuration for 
Quartz Crystal 


j I 


(b) Quartz Oscillator with Ex- 
ternal Capacitors 

(d) Configuration for 
Ceramic Resonator 



(c) Configuration for 
32kHz Operation 


(e) Configuration for 
LC Network 


(f) External Clock 
Configuration 


(g) RC Network 
Configuration 


Figure 4. Oscillator Configurations 


Table 2. Oscillator Type Selection Guide 


RESONATOR 


MAXIMUM RESONATOR 
SERIES RESISTANCE 
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Table 3. Oscillator Equivalent Circuit Parameters (see Figure 5) 


PARAMETER 

OPTION 

SYMBOL 

CONDITION 

MIN 

TYP 

MAX 

UNIT 

Transconductance 

32kHz 

9m 

T = -f25°C;VDD = 4.5V 

- 

15 

- 

ps 


Osc.2 

9m 

T = +25°C: Vdd = 4.5V 

200 

600 

1000 

ps 


Osc.3 

9m 

T = +25°C;Vdd = 4.5V 

400 

1500 

4000 

ps 


Osc.4 

9m 

T = +25°0, Vdd = 4.5V 

1000 

4000 

10000 

ps 

Input capacitance 

32kHz 

Clj 


- 

3.0 

- 

pF 


Osc.2 

Clj 


- 

8.0 

- 

pF 


Osc.3 

Cli 


- 

8.0 

- 

pF 


Osc.4 

clj 


- 

8.0 

- 

pF 

Output capacitance 

32kHz 

c2i 


- 

23.0 

- 

pF 


Osc.2 

c2j 


- 

8.0 

- 

pF 


Osc.3 

c2j 


- 

8.0 

- 

pF 


Osc.4 

c2i 


- 

8.0 

- 

pF 

Output resistance 

32kHz 

R2 


- 

3800 

- 

kn 


Osc.2 

R2 


_ 

65 

- 

kii 


Osc.3 

R2 


- 

18 

_ 

kn 


Osc.4 

R2 


- 

5.0 

- 

kn 
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SWITCHING 

LEVEL 

PDR 


SUPPLY VOLTAGE 


POWER-ON RESET 
(INTERNAL) 



Figure 7. Power-on Reset Switching Level 



-0.5 to Vqd +0.5 


ABSOLUTE MAXIMUM RATINGS^' ^ 3 

PARAMETER 

Supply voltage 
All input voltages 

DC current into any input or output 
Total power dissipation 
Storage temperature range 
Operating ambient temperature range 


I Operating junction temperature | 125 | °C 

NOTES: 

1 . Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its interna! devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 
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DC ELECTRICAL CHARACTERISTICS 

Tamb = -40°C to +85"C, Vss = ov 




TEST 

LIMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

MAX 

UNIT 

Vdd 

Supply voltage 

fcLK (see Figure 12) 

1.8 

6.0 

■■ 


RAM retention voltage in power-down mode 


1.0 

— 

■■ 

Idd 

Power supply current: 

Operating^ 






OSC 1 option 

fcLK = 32kH2, Vdd = 1 -8V, Tamb = +25°C 

— 

50 

pA 


OSC 2 option 

fcLK = 3.58MHz, Vdd = 3V 

— 

2.5 

mA 


OSC 2 option 

fcLK = 10MHz, Vdd = 5V 

— 

14 

mA 


OSC 3 option 

fcLK = 12MHz, Vdd = 5V 

__ 

18 

mA 


Idle mode^ 






OSC 1 option 

fcLK = 32kHz, Vdd = 1 -SV, Tamb = +25°C 

— 

25 

pA 


OSC 2 option 

fcLK = 3.58MHz, Vdd = 3V 

— 

1.0 

mA 


OSC 2 option 

fcLK = 10MHz, Vdd = 5V 

— 

5.0 

mA 


OSC 3 option 

fcLK = 12MHz, Vdd = 5V 

— 

7.5 

mA 


Power-down mode^ 

Vdd = 1-8V, Tamb -+25“C 

— 

10 

pA 

V|L 

Input low voltage 


Vss 

0.3Vdd 

V 

V|H 

Input high voltage 


0.7Vdd 

Vdd 

V 

loL 

Output sink current, except SDA, SCL 

Vdd = 5V. VoL = 0.4V 

1.6 


mA 



Vdd = 2.5V, Vql = 0.4V 

0.7 


mA 

lOLI 

Output sink current, SDA, SCL 

Vdd = 5V,Vol = 0.4V 

3.0 


mA 

loH 

Output source current (push-pull options only) 

Vdd = 5V, Vqh = Vdd - 0.4V 

1.6 


mA 



Vdd = 2.5V, VoH = Vdd -0.4V 

0.7 


mA 

IlL 

Logical 0 input current, ports 1,2,3 

Vdd = 5V,V,n = 0.4V 


-100 

pA 



Vdd = 2.5V,V,n = 0.4V 


-50 

pA 

Itl 

Logical 1-to-O transition current, ports 1 , 2, 3 

Vdd = 5V,V,n = Vdd/2 


-1 .0 

mA 



Vdd = 2-5V, V|N = Vdd/2 


-500 

pA 

Ili 

Input leakage current, port 0, EA 

Vss<V,<Vdd 


±10 

pA 

Rrst 

Internal reset pull-down resistor 


10 

200 

ka 


NOTES: 


1 . The operating supply current is measured with all output pins disconnected; XTAL1 driven with tr = tf = 1 0ns; Vjl = Vss, V|h = Vqd; XTAL2 
not connected; EA = RST = Port 0 = Vdq; all open drain outputs connected to Vss- 

2. The idle supply current is measured with all output pins disconnected; XTAL1 driven with tr = tf = 10ns; V|l = Vss, Vih = Vdd: XTAL2 not 
connected; EA = Port 0 = Vdd: RST = Vss: all open drain outputs connected to Vss- 

3. The power-down current is measured with all output pins disconnected; XTAL1 not connected; EA = port 0 = Vdd: RST = Vss: all open-drain 
outputs connected to Vss 

4. The RC-oscillator is not implemented in this version. 

5. Circuits with option “no power-on reset” are tested at Vddmin = 1 -8V, with option POR = 1 .3V at Vqdmin = 2-5V. 
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Idd (»«A) 



Vqq min = 1.8V 

Vdd(V) 

Typical Operating Current Versus Supply and Frequency (32kHz-1.2MHz) at +25°C 
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AC ELECTRICAL CHARACTERISTICS 

Tamb = -♦O-C to +85X, Vss = OV'. 2 


SYMBOL 

FIGURE 

PARAMETER 

12MHz CLOCK 

VARIABLE CLOCK 

UNIT 

MIN 

MAX 

MIN 

MAX 

Program Memory 

1/tCLCL 


Oscillator frequency 



0 

20 

MHz 

tLL 

9 

ALE pulse width 

127 




ns 

tAL 

9 

Address valid to ALE low 

43 




ns 

tLA 

9 

Address hold after ALE low 

48 




ns 

^LIV 

9 

ALE low to valid instruction in 


233 



ns 

fLC 

9 

ALE low to PSEN low 

58 





tc 

9 

PSEN pulse width 

215 


3tcLCL“35 


ns 

tciv 

9 

PSEN low to valid instruction in 


125 


3tcLCL-1 25 


fci 

9 

Input instruction hold after PSEN 

0 


0 


ns 

fclF 

9 

Input instruction float after PSEN 


63 


fCLCL-20 

ns 

Wl 

9 

Address to valid instruction in 


302 


5tcLCL-115 

ns 

^AFC 

9 

PSEN low to address float 

0 


0 


ns 

Data Memory 

tRR 

10 

RD pulse width 

400 


6tcLCL“"l 00 


ns 

tww 

11 

WR pulse width 

400 


0fCLCL~100 


ns 

tLA 

10, 11 

Address hold time after ALE 

48 


tCLCL-35 

- 

ns 

tRD 

10 

RD low to valid data in 


250 


5tcLCL-155 

ns 

tDFR 

10 

Data float after RD 


97 


2tcLCL-70 

ns 

tLD 

10 

ALE low to valid data in 


517 


SfCLCL-ISO 

ns 

tAD 

10 

Address to valid data In 


585 


0ICLCL~1 03 

ns 

tLW 

10, 11 

ALE low to RD or WR low 

200 

300 

3tcLCL-50 

3tCLCL+50 

ns 

tAW 

10. 11 

Address valid to WR low or RD low 

203 


4tcLCL~'l30 


ns 

towx 

11 

Data valid to WR transition 

23 


tcLCL-SO 


ns 

tow 

10 

Data valid to WR 

433 

- 

71clcl-^50 

- 

ns 

twD 

11 

Data hold after WR 

33 


tCLCL-50 


ns 

tAFR 

10 

RD low to address float^ 


12 


12 

ns 

tWHLH 

10. 11 

RD or WR high to ALE high 

43 

123 

fCLCL-^O 

tcLCL+40 

ns 


NOTES: 


1 . Parameters are valid over operating te rnpera ture range unless othenwise specified. 

2. Load capacitance for port 0, ALE, and PSEN = 50pF, load capacitance for all other outputs = 40pF, 

3. Interfacing the 8XCL41 0 to devices with float time up to 75ns is permitted. This limited bus connection will not cause damage to port 0 
drivers. 
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PORTO y \ 

V """ J> < 

1 INSTRIN ^ 

— V 


< t^vi ► 

r z ^ / 


PORT 2 

A8-A15 A8-A15 



Figure 9. External Program Memory Read Cycle 
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PIGGYBACK SPECIFICATION 

The differences between the masked version 
and the piggyback are described herein. 

General Description 

The P85CL000HFZ is a piggy-back version 
with 256 bytes of RAM used for emulation of 
the P83CL410 microcontroller. The 
P85CL000HFZ is manufactured in an 
advanced CMOS technology. The instruction 
set of the PSSCLOOOHFZ is based on that of 
the 8051 . The device has low power 
consumption and a wide supply voltage 
range. The P85CL000HFZ has two software 
selectable modes of reduced activity for 
further power reduction: Idle and 
Power-down. For timing and AC/DC 
characteristics, please refer to the P83CL410 
specifications. 

Features 

• Full static 80C51 CPU 


• 8-bit CPU, RAM, I/O in a single 
40-lead DIP 

• Socket for up to 16k external EPROM 

• 256 bytes RAM, expandable externally to 
64K bytes 

• Four 8-bit ports. 32 I/O lines 

• Two 16-bit timer/event counters 

• External memory expandable up to 128K, 
external ROM up to 64K and/or RAM up to 
64K 

• Thirteen source, thirteen vector interrupt 
structure with two priority levels 

• Full duplex serial port (UART) 

• I^C-bus interface for serial transfer on two 
lines 


• Enhanced architecture with: 

- non-page oriented instructions 

- direct addressing 

- four eight byte RAM register banks 

- stack depth up to 128 bytes 

- multiply, divide, subtract and compare 
instructions 

• STOP and IDLE instructions 

• Wake-up via external interrupts at port 1 

• Single supply voltage of 1 .8V to 6.0V 

• On-chip oscillator (option: oscillator 4) 

• Very low current consumption 

• Operating temperature range: 

-40 to -t-85°C 


STANDARD PIGGYBACK 

Types: P85CL000HFZ 

Emulation for: P83CL410, P80CL51 

List of differences between masked microcontroller and corresponding piggyback: 



RAM size 

128 

256 

ROM size 

4k 

EPROM size dependent (max 16k) 

Port option 

1,2,3 

1 

Oscillator option 

32kHz. Osc, 2. 3, 4, RC 

Osc. 4 

Mech. dimensions 

Standard Dual In-Line, Small Outline 

See Figure NO TAG 

Current cons. 

Idd 

Idd (OSC. 4) + Ieprom 


Voltage range full full, limited by EPROM 
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GENERAL DESCRIPTION 

The 83CL411 is manufactured in an 
advanced CMOS technology. The instruction 
set of the 83CL41 1 is based on that of the 
8051 . The 83CL411 is an 8-bit general 
purpose microcontroller especially suited for 
cordless telephone applications. The device 
has low power consumption and a wide range 
of supply voltage. For emulation purposes, 
the 85CL781 (Piggy back version) with 256 
bytes of RAM is recommended. The 83CL41 1 
has two software selectable modes of 
reduced activity for further power reduction; 
Idle and Power-down. The 83CL411 also 
functions as an arithmetic processor having 
facilities for both binary and BCD arithmetic 
plus bit-handling capabilities. The instruction 
set consists of over 100 instructions: 49 
one-byte, 46 two-byte, and 16 three-byte. 


FEATURES 

• Full static 80C51 CPU 

• 8-bit CPU, ROM, RAM, I/O in a single 
40-pin mini-pack or a 44-pin quad flat pack 

• 4K X 8 ROM, expandable externally to 
64K bytes 

• 256 bytes RAM, expandable externally to 
64K bytes 

• Four 8-blt ports, 32 I/O lines 

• Two 16-bit timer/event counters 

• On-chip osdilator suitable for RC, LC, 
quartz crystal or ceramic resonator 

• Thirteen source, thirteen vector interrupt 
structure with two priority levels 

• Full duplex serial UART 


• Enhanced architecture with; 

- non-page oriented instructions 

- direct addressing 

- four eight-byte RAM register banks 

- stack depth limited only by available 
internal RAM (max. 256 bytes) 

- multiply, divide, subtract and compare 
instructions 

• Power-down and IDLE instructions 

• Wake-up via external interrupts at Port 1 

• Single supply voltage of 1 .8 V to 6.0 V 

• Frequency range of 32kHz to 1 2MHz 

• Very low current consumption 

• Operating temperature range; 

-40°C to +85°C 


ORDERING INFORMATION 


PACKAGE TYPE 

ORDER 

CODE 

DRAWING NUHfBER 

40-Pin Plastic Dual In-line Package 

P83CL411 HFP 

SOT129 

44-Pin Plastic Quad Flat Package 

P83CL411 HFH 

SOT205 


PIN CONFIGURATIONS 


iNT2/Pl.O [T 


^ Vdd 

INT3/P1.1 [T 


^ P0.(VAD0 

INT4/P1.2 U 


^ P0.1/AD1 

INT5/P1.3 [T 


^ P0.2/AD2 

INT6/P1.4 |T 


^ P0.3/AD3 

INT7/P1.5 (T 


^ P0.4/A04 

INT8/P1.6 {y 


^ P0.S/AO5 

INT9/P1.7 [T 


^ P0.6/AD6 

RST (T 


^ P0.7/AD7 

RxD/dataP3.0 [m 

83CL411HFP 


TxD/clock P3.1 [iT 


^ ALE 

IRTO/P3.2 


^ PSER 

mTT/P3.3 [13 


^ P2.7/A15 

T0/P3.4 Qi 


2^ P2.6/A14 

T1/P3.5 Qi 


26] P2.5/A13 

WR/P3.6 [« 


^ PZ4/A12 

TO/P3.7 Q? 


^ P2.3/A11 

XTAL2 Qs 


2^ P2.2/A10 

XTALI [i9 


22) P2.1/A9 

Vss H 


PZ0/A8 


a „ 

iiiii 

CCS csSi’g^gg 


Pl.5/mT7 |T 
P1.64NTB [£ 
Pl.7/fNT9 |T 
RST (T 
P3.0/RXD/data |T 
NC jT 
P3.1/TXD/clock [T 
P3.2/ifrm (T 
P3.3/INTT (T 
P3.4/T0 {io 

ps-sn-i jW 





P0.4/AD4 

P0.5/AD5 

P0.6/AD6 

P0.7/AD7 

EA 

NC 

ALE 

PSEH 

PZ7/A15 

P2.6/A14 

P2.5/A13 



r>0>0>«9a»Oi-CM 

-j o) m < < ri r: r: 

I 2 £ £ 
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PIN DESCRIPTION 


PIN 

DESIGNATION 

FUNCTION 

40 

P1.0/INT2 

Port 1 : Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. Port 1 pins that 

41 

P1.1/INT3 

have Is written to them are pulled HIGH by the internal pull-ups, and in that state 

42 

P1.2/INT4 

can be used as inputs. The Port 1 output buffer can sink/source 4 LS TTL loads. As 

43 

P1.3/INT5 

inputs, Port 1 pins that are externally pulled LOW will source current (I|l in the 

44 

1 

2 

3 

P1.4/INT6 

P1.5/INT7 

P1.6/INT8 

P1.7/INT9 

characteristics) due to the internal pull-ups. 

Port 1 also serves the alternative functions INT2 to INT9. 

4 

RST 

Reset: A high level on this pin for two machine cycles while the oscillator is running 
resets the device. 

5, 7-13 

P3.0 - P3.7 

Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. The Port 3 
output buffers can sInk/source 4 LS TTL Inputs. Port 3 pins that have Is written to 
them are pulled HIGH by the internal pull-ups, and in that state can be used as 
inputs. As inputs. Port 3 pins that are externally pulled LOW will source current (I|l 
in the characteristics) due to the internal pull-ups. 

5 

P3.0/RxD/data 

RXD/data: serial port receiver data input (asynchronous) or data input/output 
(synchronous) 

7 

P3.1/rxD/clock 

TXD/clock: serial port transmitter data output (asynchronous) or clock output 
(synchronous) 

8 

P3. 2/INTO 

INTO: external interrupt 0. 

9 

P3.3/INTT 

INTT: external Interrupt 1. 

10 

P3.4/T0 

TO: Timer 0 external input. 

11 

P3.5/T1 

T1 : Timer 1 external input. 

12 


WR: external data memory write strobe. 

13 

P3.7/Rn 

RD: external data memory read strobe. 

14 

XTAL2 

Crystal output: ou4>ut of the inverting amplifier of the oscillator. Left open when 
external clock is used. 

15 

XTAL1 

Crystal input; input to the inverting amplifier of the osdllator, also the Input for an 
externally generated clock source. 

16 

Vss 

Ground; circuit ground potential. 

17 

Test / Vss 

Test input: must be connectd to Vss or left open. 

18-25 

P2.0-P2.7 

Port 2; Port 2 is an 8-bit bidirectional I/O port with Internal pull-ups. Port 2 pins that 
have Is written to them are pulled HIGH by the internal pull-ups, and in that state 
can be used as inputs. The Port 2 output buffer can sink/source 4 LS TTL loads. 

Port 2 emits the high-order address byte during accesses to external memory that 
use 16-bit addresses (MOVX ^DPTR). In this application it uses the strong internal 
pull-ups when emitting Is. During accesses to external memory that use 8-bit 
addresses (MOVX (§>Ri). Port 2 emits the contents of the P2 Special Function 
Register. 

26 

P5EN 

Program store enable output; read strobe to external program memory. When 
executing code out of external program memory, PSEN is activated twice each 
machine cycle. However, during each access to external data memory two PSEN 
activations are skipped. 

27 

ALE 

Address Latch Enable; output pulse for latching the low byte of the address during 
access to external memory. ALE Is emitted at a constant rate of 1/6 of the oscillator 
frequency, and may be used for external timing or clocking purposes. 

29 

ER 

External Access; When EA is held High the CPU executes out of internal program 
memory (unless the program counter exceeds OFFFH). Holding EA LOW forces the 
CPU to execute out of external memory regardless of the value of the program 
counter. 


PO.O - P0.7 

Port 0: Port 0 is an 8-blt open drain bidirectional I/O port. As an open drain output 
port It can sink 8 LS TTL loads. Port 0 pins that have Is written to them float, and In 
that state will function as high impedance inputs. Port 0 is also the multiplexed low 
order address and data bus during access to external memory. In this application it 
uses strong internal pull-ups when emitting logic Is. 

1 38 

Vdd 

Power supply. 
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BLOCK DIAGRAM 



1 .0 FUNCTIONAL DESCRIPTION 
General 

The 83CL411 is a stand-alone 
high-performance CMOS microcontroller 
designed for use in real-time applications 
such as instrumentation, industrial control, 
intelligent computer peripherals and 
consumer products. 

The device provides hardware features, 
architectural enhancements and new 
instructions to function as a controller for 
applications requiring up to 64K bytes of 
program memory and/or up to 64K bytes of 
data storage. 

The 83CL41 1 contains a non-volatile 4K byte 
X 8 read-only program memory; a static 256 
byte X 8 read/write data memory; 32 I/O lines; 
two 16-bit timer/event counters; a 
thirteen-source two priority-level, nested 
interrupt structure and on-chip oscillator and 
timing circuit. 


The device has two software selectable 
modes of reduced activity for power 
reduction; IDLE and Power-down. The Idle 
mode freezes the CPU while allowing the 
RAM, timers, serial I/O and interrupt system 
to continue functioning. The Power-down 
mode saves the RAM contents but freezes 
the oscillator causing all other chip functions 
to be Inoperative. 

In addition, the device provides a standard 
UART serial interface. 

CPU timing 

A machine cycle consists of a sequence of 6 
states. Each state time lasts for two oscillator 
periods, thus a machine cycle takes 12 
oscillator periods or Ims if the oscillator 
frequency is 12MHz. 

Note; This datasheet covers only the special 
features of the 83CL41 1 . For details on the 
83CL41 1 core and the I^C bus functions see 
the user manual: SINGLE-CHIP 8-BIT 


MICROCONTROLLER (USER MANUAL) - 
The MAB8051/C51 microcontroller family. 

1 .1 Memory Organization 

The 83CL411 has a 4K Program Memory 
(ROM) plus 256 bytes of Data Memory 
(RAM) on board. The device has separate 
address spaces for Program and Data 
Memory (see Figure 1). Using Ports PO and 
P2, the 83CL411 can address up to 64K 
bytes of external memory. The CPU 
generates both read and write signals (TTD 
and WR) for external Data Memory accesses, 
and the read strobe (PSEN) for external 
Program Memory. 

1.1.1 Program Memory 

The 83CL41 1 contains 4K bytes of internal 
ROM. After reset the CPU begins execution 
at location OOOOH. The lower 4K bytes of 
Program Memory can be implemented in 
either on-chip ROM or external memory. If 
the EA pin is strapped to Vdd. program 
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memory fetches from addresses OOOH 
through OFFFH are directed to the internal 
ROM. Fetches from addresses 1000H 
through FFFFH are directed to external ROM. 
Program counter values greater than OFFFH 
are automatically addressed to external 
memory regardless of the state of the pin. 

Please note that the first version of 
83CL411 does not support automatic 
memory switching for addresses greater 
than OFFFH. For customerrs using more 
than 4K memory it is recommended to 
work in extemai mode only. The automatic 


memory switching will be supported by a 
second version 83CL411, becoming 
available in the second half of 1993. 

1 .1.2 Data Memory 

The 83CL411 contains 256 bytes of internal 
RAM and 29 Special Function Registers 
(SFR). Figure 1 shows the internal Data 
Memory space divided into the Lower 1 28, 
the Upper 128, and the SFR space. Internal 
RAM locations 0-1 27 are directly and 
indirectly addressable. Internal RAM 
locations 128-255 are only indirectly 
addressable. The special function register 


locations 128-255 are only directly 
addressable. 

1 .1.3 Special Function Registers 
The upper 1 28 bytes are the address 
locations of the SFRs. Figure 3 shows the 
Special Function Register (SFR) space. 
SFRs include the port latches, timers, 
peripheral control, serial I/O registers, etc. 
These registers can only be accessed by 
direct addressing. There are 128 bit 
addressable locations in the SFR address 
space (SFRs with addresses divisible by 
eight). 


FUNCTIONAL DIAGRAM 
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1 .1.4 Addressing 

The 83CL411 has five methods for 
addressing source operands: 

• Register 

• Direct 

• Register-Indirect 

• Immediate 

• Base-Register-plus Index-RegIster-indirect 

The first three methods can be used for 
addressing destination operands. Most 
instructions have a “destination/source” field 
that specifies data type, addressing methods 
and operands involved. For operations other 
than MOVs, the destination operand is also a 
source operand. 

Access to memory addressing is as follows: 

• Registers in one of the four register banks 
through register, direct or indirect. 

• Internal RAM (256 bytes) through direct or 
register-indirect. 

• Special Function Register through Direct. 

• External data memory through 
Register-Indirect 

• Program memory look-up tables through 
Base-Register-plus index-Register-indirect. 


1 .2 I/O facilities 

1 .2.1 Ports 

The 83CL411 has 32 I/O lines treated as 32 
individually addressable bits or as four 
parallel 8-bit addressable ports. Port 0,1,2 
and 3 perform the following alternate 
functions: 

• Port 0: provides the multiplexed low-order 
address and data bus for expanding the 
device with standard memories and 
peripherals. 

• Port 1 : provides the inputs for the external 
interrupts I NT2/INT9. 

• Port 2: provides the high-order address 
when expanding the device with external 
program or data memory. 

• Port 3: pins can be configured individually 
to provide: 

(1 ) external interrupt request inputs 

(2) counter Input 

(3) control signals to read and write to 
external memories 

(4) UART input and output 

To enable a Port 3 pin alternate function, the 
Port 3 bit latch in its SFR must contain a logic 
1 . 

Each port consists of a latch (Special 
Function Registers PO to P3), an output 
driver and an input buffer. Ports 1 , 2 and 3 


have internal pull-ups. Figure 4(a) shows that 
the strong transistor p1 Is turned on for only 
two oscillator periods after a Q-to-1 transition 
in the port latch. When on, it turns on p3 (a 
weak pull-up) through the inverter. This 
inverter and p3 form a latch which hold the 1 . 
In Port 0 the pull-up pi is only on when 
emitting 1 s for external memory access. 
Writing a 1 to a Port 0 bit latch leaves both 
output transistors switched off so the pin can 
be used as a high-impedance input. 

1 .2.2 Port Options 
Thirty of the 32 parallel port pins may be 
individually configured with one of the 
following options (see Figure 5). 

Please note that the options of port 
PI .6/PI .7 are fixed to 2S (open drain) on 
the first version of 83CL411. A second 
version of 83CL411 will become available 
in the second half of 1993, where all 
options can be chosen for port PI .6/PI .7. 

Option 1 : Standard Port; quasi-bidirectional 
I/O with pull-up. The strong booster pull-up 
pi is turned on for two oscillator periods after 
a O-to-1 transition in the port latch (see 
Figure 4(a)). 

Option 2: Open drain; quasi-bidirectional I/O 
with n-channel open drain output. Use as an 
output requires the connection of an external 
pull-up resistor (see Figure 4(c)). This option 
does not include the Internal protection diode 
against Vqd for port P1 .6 and PI .7. 
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Option 3: Push-Pull; output with drive 
capability in both polarities. Under this option, 
pins can only be used as outputs (see Figure 
4(b)). 

The definition of port options for Port 0 is 
slightly different. Two cases have to be 
examined. First, accesses to external 
memory (ES=0 or access above the built-in 
memory boundary), and second, I/O 
accesses. 

External Memory Accesses; 

Option 1 ; True 0 and 1 are written as address 
to the external memory (strong pull-up Is 
used). 

Option 2: An external pull-up resistor is 
needed for external accesses. 

Option 3: Not allowed for external memory 
accesses as the port can only be used as 
output. 

I/O Accesses: 

Option 1 : When writing a 1 to the port-latch, 
the strong pull-up pi will be on for two 
osdilator periods. No weak pull-up exists. 
Without an external pull-up, this option can be 
used as a high-impedance input. 

Option 2; Open drain; quasi-bidirectional I/O 
with n-channel open drain output. Use as an 
output requires the connection of an external 
pull-up resistor (see Figure 4(c)). 

Option 3; Push-Pull; output with drive 
capability in both polarities. Under this 
option, pins can only be used as outputs. 


1 .3 Idle and Power-down 
Operation 

Idle mode operation permits the interrupt, 
serial ports, timer blocks continue functioning 
while the clock to the CPU is halted. 

The following functions remain active during 
Idle mode. These functions may generate an 
interrupt or reset and thus end the Idle mode. 

• Timer 0, Timer 1 

• SIO 

• External Interrupt 

The Power-down operation freezes the 
oscillator. The Power-down mode can only be 
activated by setting the PD bit in the PCON 
register. 

1 .3.1 Power control register (PCON) 

These special modes are activated by 
software via the Special Function Register 
PCON. Its hardware address is 87H. [PCON 
is not bit addressable.] 


7 6 5 4 3 2 1 0 



MSB LSB 

BIT SYMBOL FUNCTION 

PCON. 7 SMOD Double Baud rate bit. 

When set to logic 1 
the baud rate is 
doubled when the 
serial port SlOO is 
being used in 1 , 2, or 
3. 


PCON.l PD Power-down bit. 

Setting this bit 
activates 

Power-down mode. 

PCON.O IDL Idle mode bit. Setting 

this bit activates the 
Idle mode. 

If logic Is are written to PD and IDL at the 
same time, PD takes precedence. The reset 
value of PCON Is (OXXOOOOO). 

1 .3.2 Power-down Mode 

The instruction setting PCON.l Is the last 
executed prior to going into the Power-down 
mode. In Power-down mode the oscillator Is 
stopped. The contents of the on-chip RAM 
and SFRs are preserved. The port pins 
output the values held by their respective 
SFRs. ALE and PSEN are held LOW. 

1 .3.3 Wake-up Mode 

Setting PD flag in the PCON register forces 
the controller into the Power-down mode. 
Setting this flag enables the controller to be 
awakened from the Power-down mode with 
either the external Interrupts INT2/INT9, or a 
reset operation. 

The wake-up operation after power-down in 
this controller has two basic approaches: 

1 .3.3.1 Wake-up using iNT2/INT9 
If INT2 to INT9 are enabled, the 83CL41 1 can 
be awakened from power-down mode with 
the external interrupts. To ensure that the 
oscillator is stable before the controller 
restarts, the internal clock will remain Inactive 


Individual mask selection of the post-reset 
state is available on any of the above pins. 
Make your selection by appending “S” or “R” 
to option 1 , 2, or 3 above. 

Option S: SET; after reset this pin will be 
initialized HIGH. 

Option R: RESET; after reset this pin will be 
initialized LOW. 


PCON.6 

- 

(reserved) 

PCON .5 

- 

(reserved) 

PCON.4 

- 

(reserved) 

Bil 

SYMBOL 

EUNCIION 

PCON.3 

GF1 

General-purpose 
flag bit 

PCON.2 

GFO 

General-purpose 
flag bit 


for 1536 oscillator periods. This is controlled 
by an on-chip delay counter. 

1 .3.3.2 Wake-up using RESET 
To wake-up the 83CL411 the RESET pin has 
to be kept HIGH for a minimum of 24 periods. 
The on-chip delay counter Is inactive. The 
user has to ensure that the oscillator is stable 
before any operation is attempted. Figure 11 
illustrates the two possibilities for wake-up. 
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1 .3.4 Idle mode 

The instruction that sets PCON.O is the last 
instruction executed in the normal operating 
mode before Idle mode is activated. Once in 
the Idle mode, the CPU status is preserved in 
its entirety: the Stack Pointer, Program 
Counter, Program Status Word, Accumulator, 
RAM and all other registers maintain their 
data during Idle mode. The status of the 
external pins during Idle mode is shown in 
Table 4. 

There are two methods used to terminate the 
Idle mode. Activation of any enabled interrupt 
will cause PCON.O to be cleared by 
hardware, terminating Idle mode. The 
interrupt is serviced, and following the 
return-from-interrupt instruction RETl, the 
next instruction to be executed will be the one 
which follows the instruction that wrote a logic 
1 to PCON.O. 

Flag bits GFO and GF1 may be used to 
determine whether the interrupt was received 
during normal execution or during Idle mode. 
For example, the instruction that writes to 
PCON.O can also set or clear one or both flag 
bits. When Idle mode is terminated by an 
interrupt, the service routine can examine the 
status of the flag bits. 

The second method of terminating the Idle 
mode is with an external hardware reset. 
Since the oscillator is still running, the 
hardware reset is required to be active for 
two machine cycles (24 oscillator periods) to 
complete the reset operation. 

Reset redefines all SFRs, but does not affect 
the on-chip RAM. 

In the Power-down mode, Vdd may be 
reduced to minimize power consumption. 
However, the supply voltage must not be 
reduced until Power-down mode is active, 
and must be held active until the oscillator 
has restarted and stabilized. 

The status of the external pins during Idle 
and Power-down mode is shown in Table 4. If 
the Power-down mode is activated whilst 
accessing external memory, port data held in 
the Special Function Register P2 is restored 
to Port 2. If the data is a logic 1 , the port pin 
is held HIGH during the Power-down mode 
by the strong pull-up transistor p1 (see Figure 
4(a)). 

1 .4 Standard Serial Interface 
SlOO: UART 

This serial port is full duplex, meaning it can 
transmit and receive simultaneously. It is also 
receive-buffered, meaning it can commence 
reception of a second byte before a 
previously received byte has been read from 
the register. (However, if the first byte still 
hasn't been read by the time reception of the 


second byte Is complete, one of the bytes will 
be lost). TTie serial port receive and transmit 
registers are both accessed at Special 
Function Register SOBUF. Writing to SOBUF 
loads the transmit register, and reading 
SOBUF loads tfie transmit register, and 
reading SOBUF accesses a physically 
separate receive register. 

The serial port can operate in 4 modes; 

Mode 0: Serial data enters and exits 
through RxD. TxD outputs the shift dock. 
Eight bits are transmitted/received (LSB 
first). The baud is fixed at 1/12 the 
osdilator frequency. 

Mode 1 : Ten bits are transmitted (through 
TxD) or received (through RxD): a start bit 

(0) , 8 data bits (LSB first), and a stop bit 

(1) . On receive, the stop bit goes into RB8 
in Special Function Register SCON. The 
baud rate is variable. 

Mode 2: Eleven bits are transmitted 
(through TxD) or received (through RxD); 
start bit (0), 8 data bits (LSB first), a 
programmable ninth data bit, and a stop bit 
(1). On Transmit, the ninth data bit (TB8 in 
SCON) can be assigned the value of 0 or 
1 . Or, for example, the parity bit (P, in the 
PSW) could be moved into TBS. On 
receive, the ninth data bit goes into RB8 in 
Special Function Register SCON, while the 
stop bit is ignored. The baud rate is 
programmable to either 1/32 or 1/64 the 
osdilator frequency. 

Mode 3: Eleven bits are transmitted 
(through TxD) or received (through RxD): a 
start bit (0), 8 data bits (LSB first), a 
programmable ninth data bit and a stop bit 
(1). In fact. Mode 3 is the same as Mode 2 
in all respects except baud rate. The baud 
rate in Mode 3 is variable. 

In all four modes, transmission is initiated by 
any instruction that uses SOBUF as a 
destination register. Reception is initiated in 
Mode 0 by the condition Rl = 0 and REN = 1 . 
Reception is initiated in the other modes by 
the incoming start bit if REN = 1 . 

1.4.1 Multiprocessor Communications 

Modes 2 and 3 have a special provision for 
multiprocessor communications. In these 
modes, nine data bits are received. The ninth 
one goes into RB8. Then comes a stop bit. 
The port can be programmed such that when 
the stop bit is received, the serial port 
interrupt will be activated only if RB8 = 1 . 

This feature is enabled by setting bit SM2 in 
SCON. A way to use this feature in 
multiprocessor systems is as follows. 

When the master processor wants to transmit 
a block of data to one of several slaves, it first 
sends out an address byte which identifies 
the target slave. An address byte differs from 


a data byte in that the ninth bit is 1 in an 
address byte and 0 in a data byte. With SM2 
= 1 , no slave will be interrupted by a data 
byte. An address byte, however, will interrupt 
all slaves, so that each slave can examine 
the received byte and see if it is being 
addressed. The addressed slave will clear its 
SM2 bit and prepare to receive the data bytes 
that will be coming. The slaves that weren’t 
being addressed leave their SM2s set and go 
on about their business, ignoring the coming 
data bytes. 

SM2 has no effect in Mode 0, and in Mode 1 
can be used to check the validity of the stop 
bit. In a Mode 1 reception, if SM2 = 1 , the 
receive interrupt will not be activated unless a 
valid stop bit is received. 

1.4.2 Serial port control register 

The serial port control and status register is 
the Special Function Register SOCON, shown 
in Figure 16. The register contains not only 
the mode selection bits, but also the ninth 
data bit for transmit and receive (TBS and 
RB8), and the serial port interrupt bits (Tl and 
Rl). 

BAUD RATES 

The baud rate in Mode 0 is fixed: Mode 0 
Baud Rate = Oscillator Frequency / 1 2. The 
baud rate In Mode 2 depends on the value of 
bit SMOD in Spedal Function Register 
PCON. If SMOD = 0 (which is the value on 
reset), the baud rate is 1/64 the oscillator 
frequency. If SMOD = 1 , the baud rate is 1/32 
the oscillator frequency. 

Mode 2 Baud Rate = (2®'^°° /64)(Oscillator 
Frequency) 

The baud rates in Modes 1 and 3 are 
determined by the Timer 1 or Timer 2 
overflow rate. 

USING TIMER 1 TO GENERATE BAUD 
RATES 

When Timer 1 is used as the baud rate 
generator, the baud rates in Modes 1 and 3 
are determined by the Timer 1 overflow rate 
and the value of SMOD as follows; 

Modes 1,3 Baud Rate = (2SM0D /32)(Timer 1 
Overflow Rate) 

The Timer 1 interrupt should be disabled in 
this application. The Timer itself can be 
configured for either “timer" or “counter" 
operation, and in any of its three running 
modes. In most typical applications, it is 
configured for timer operation, in the 
auto-reload mode (high nibble of TMOD = 

001 OB). In that case the baud rate is given by 
the formula; 

Mode 1,3 Baud Rate = {(2^^00/32) x 
(Oscillator Frequency)} / {12 x (256 - (TH1)} 
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One can achieve very low baud rates with 
Timer 1 by leaving the Timer 1 interrupt 
enabled, and configuring the Timer to run as 
a 16-bit timer (high nibble of TMOD = CX)01 B). 
and using the Timer 1 interrupt to do a 1 6-bit 
software reload. Table 5 lists various 
commonly used baud rates and how they can 
be obtained from Timer 1 . 


1 .5 Interrupt system 

External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronous to execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution, a multiple-source, 
two-priority-level, nested interrupt system is 


provided. The 83CL41 1 acknowledges 
interrupt requests from thirteen sources as 
follows: 

• INTO through INT9 

• Timer 0, Timer 1 

• UART 


Table 4. Status of the External Pins during Idle and Power-down Modes 


MODE 

MEMORY 

ALE 

reER 

PORTO 

PORT1 

PORT 2 

PORTS 

ldle(1) 

Internal 

1 

1 

Port data 

Port data 

Port data 

Port data 

ldle(1) 

External 

1 

1 

Floating 

Port data 

Address 

Port data 

Power-down 

Internal 

0 

0 

Port data 

Port data 

Port data 

Port data 

Power-down 

External 

0 

0 

Floating 

Port data 

Port data 

Port data 


MSB LSB 


SMO 

SMI 

SM2 

REN 

TBS 

RB8 

Tl 

RlJ 


Where SMO, SMI specify the serial port mode, as follows: 


SMO SM1 MODE 

0 0 0 
0 1 1 
1 0 2 
1 1 3 


DESCRIPTION 

Shift register 

8- bit UART 

9- bit UART 

9-bit variable UART 


BAUD RATE 

fosc / 1 2 
variable 

fosc / 64 or fosc / 32 


SM2 enables the multiprocessor communication feature in Modes 2 
and 3. In Mode 2 or 3, if SM2 is set to 1 then R1 will not be activated if 
the received ninth data bit (RB8) is 0. In Mode 1. if SM2=1 then R1 will 
not be activated if a valid stopbit was not received. In Mode 0, SM2 
should be 0. 

REN enables serial reception. Set by software to enable reception. 
Clear by software to disable reception. 

TBS is the ninth data bit that will be transmitted in Modes 2 and 3. 
Set or clear by software as desired. 

RB8 in Modes 2 and 3, is the ninth data bit that was received. In 
Mode 1 , if SM2=0, RB8 is the stop bit that was received. In Mode 0, 
RB8 is not used. 

Tl is transmit interrupt flag. Set by hardware at the end of the 
eighth bit time in Mode 0, or at the beginning of the stop bit in the other 
modes, in any serial transmission. Must be cleared by software. 

Rl Is receive Interrupt flag. Set by hardware at the end of the 8th 
bit time in Mode 0, or halfway through the stop bit time in the other 
modes, in any serial receoption (except see SM2). Must be cleared by 
software. 


Figure 6. Serial Port Control (SCON) Register 


Table 5. Timer 1 Generated Commonly Used Baud Rates 


BAUD RATE 

fosc 

SMOD 

C/T 

TIMER 1 MODE 

RELOAD VALUE 

Mode 0 Max: 1MHz 

12MHz 

X 

X 

X 

X 

Mode 2 Max: 375K 

12MHz 

1 

X 

X 

X 

Mode 1,3:62.5K 

12MHz 

1 

0 

2 

FFH 

19.2K 

11.059MHz 

1 

0 

2 

FDH 

9,6K 

11.059MHz 

0 

0 

2 

FDH 

4.8K 

11.059MHz 

0 

0 

2 

FAH 

2.4K 

11.059MHz 

0 

0 

2 

F4H 

1.2K 

11.059MHz 

0 

0 

2 

E8H 

137.5K 

11.986MHz 

0 

0 

2 

1DH 

110K 

6MHz 

0 

0 

2 

72H 

110K 

12MHz 

0 

0 

1 

FEEBH 
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Each interrupt vectors to a separate location When enabled, each of these lines may The Port 1 interrupts are level sensitive. A 

in program memory for its service routine. “wake-up“ the device from Power-down Port 1 interrupt will be recognized when a 

Each source can be individually enabled or mode. Using the 1X1 register, each pin may level (HIGH or LOW depending on Interrupt 

disabled by corresponding bits in the Interrupt be initialized to either active HIGH or LOW. Polarity Register 1X1 ) on Pix is held active 

Enable Registers (IE, lEO). The priority level IRQ1 is the interrupt request flag register. for at least one machine cycle. The Interrupt 

is selected via the Interrupt Priority register Each flag, if the interrupt is enabled, will be Request is not served until the next machine 

(IPO, IP1 ). All enabled sources can be set on an Interrupt request but must be cycle, 

globally disabled or enabled. cleared by software, i.e. via the interrupt 

1 .5.1 External Interrupts INTMNT9 ^ 

Port 1 lines serve an alternative purpose as 
seven additional interrupts INT2 to INT9. 
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Interrupt Enable Register lENO, 
IEN1 


EA 

ET2 

ESI 

ESO 

ETI 

EXI 

ETO 

EXO 


Interrupt Priority Register 
IPO, IP1 



PT2 

PS1 

PSO 

PT1 

PX1 

PTO 

pxoj 


Interrupt Polarity Register 
1X1 


IL9 

IL8 

IL7 

IL6 

IL5 

IL4 

IL3 

IL2 


BlI 

SYMBOL 

FUNCTION 

IEN0.7 

EA 

General enable/ 
disable control 

0 = no interrupt is 
enabled; 

1 =any individually 
enabled interrupt will be 
accepted 

IEN0.6 

ET2 

Must be set to 0 by 
the user 

IEN0.5 

ESI 

Must be set to 0 by 
the user 

IEN0.4 

ESO 

Enable UART SIO 
interrupt 

IEN0.3 

ETI 

Enable Timer T1 
interrupt 

IEN0.2 

EXI 

Enable external 
interrupt 1 

1EN0.1 

ETO 

Enable Timer TO 
interrupt 

lENO.O 

EXO 

Enable external 
interrupt 1 


BIT 

SYMBOL 

FUNCTION 

IP0.7 

- 

Unused 

IP0.6 

PT2 

Unused 

IP0.5 

PS1 

Unused 

IP0.4 

PSO 

UART SIO interrupt 
priority level 

IP0.3 

PT1 

Timer 1 interrupt 
priority level 

IP0.2 

PX1 

External interrupt 1 
priority level 

IP0.1 

PTO 

Timer 0 interrupt 
priority level 

IPO.O 

PXO 

External interrupt 0 
priority level 


Writing either a “1 ” or “0" to an IX1 register bit 
sets the polarity level of the corresponding 
external interrupt to active HIGH or LOW 
respectively. 


BU 

SYMBOL 

FUNCTION 

1X1.7 

IL9 

External interrupt 9 
polarity level 

1X1.6 

IL8 

External interrupt 8 
polarity level 

1X1.5 

IL7 

External interrupt 7 
polarity level 

1X1.4 

IL6 

External interrupt 6 
polarity level 

1X1.3 

IL5 

External interrupt 5 
polarity level 

1X1.2 

IL4 

External interrupt 4 
polarity level 

1X1.1 

IL3 

External interrupt 3 
polarity level 

1X1.0 

IL2 

External interrupt 2 
polarity level 


IEN1 (ESH] 

EX9 

EX8 

EX7 

EX6 

EX5 

EX4 

EX3 

EX2 

IP1 (F8H) 

PX9 

PX8 

PX7 

PX6 

PXS 

PX4 

PX3 

PX2 







1 











BIT 

SYMBOL 

FUNCTION 

m 

SYMBOL 

LUJiCILQN 

IEN1.7 

EX9 

Enable external 
interrupt 9 

IP1.7 

PX9 

External interrupt 
priority level 

IEN1.6 

EX8 

Enable external 
interrupt 2 

IP1.6 

PX8 

External interrupt 
priority level 

IEN1.5 

EX7 

Enable external 
interrupt 2 

IP1.5 

PX7 

External interrupt 
priority level 

IEN1.4 

EX6 

Enable external 

IP1.4 

PX6 

External interrupt 

interrupt 2 



priority level 

IEN1.3 

EX5 

Enable external 
interrupt 2 

IP1.3 

PX5 

External interrupt 
priority level 

IEN1.2 

EX4 

Enable external 
interrupt 2 

IP1.2 

PX4 

External interrupt 
priority level 

IEN1.1 

EX3 

Enable external 

IP1.1 

PX3 

External interrupt 


interrupt 2 



priority level 

IEN1.0 

EX2 

Enable external 
interrupt 2 

IP1.0 

PX2 

External interrupt 
priority level 


where 0 = interrupt disabled 

1= interrupt enabled 0 = low priority 

1 = high priority 


interrupt Request Flag Register 
IRQ1 


IRQ1 (COHj IQ9 


111 

SYMBOL 

FUNCTION 

IRQ1.7 

109 

External interrupt 9 
request flag 

IRQ1.6 

108 

External interrupt 8 
request flag 

IRQ1.5 

107 

External interrupt 7 
request flag 

IRQ1.4 

106 

External interrupt 6 
request flag 

IRQ1.3 

105 

External interrupt 5 
request flag 

IRQ1.2 

104 

External interrupt 4 
request flag 

IRQ1.1 

103 

External interrupt 3 
request flag 

IRQ1.0 

102 

External interrupt 2 
request flag 
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1 .5.2 Interrupt vectors 


(highest) 

Vector 

Source 

XO 

0003H 

external/0 

X5 

0053H 

external 5 

TO 

OOOBH 

timer 0 

X6 

005BH 

external 6 

XI 

0013H 

external 1 

X2 

003BH 

external 2 

X7 

0063H 

external 7 

T1 

001 BH 

timer 1 

X3 

0043H 

external 3 

X8 

006BH 

external 8 

SO 

0023H 

UART 

X4 

004BH 

external 4 

X9 

0073H 

external 9 


(lowest) 

INTERRUPT PRIORITY 
Each interrupt priority source can be set to 
either high or low priority. If both priorities are 
requested simultaneously, the controller will 
branch to the high priority vector. 

A low priority interrupt can only be interrupted 
by a high priority interrupt. A high priority 
interrupt routine cannot be interrupted. 

1 .5.3 Related registers 

The following registers are used in 
conjunction with the interrupt system: 


SFR 

REGISTER FUNCTION ADDRESS 

1X1 Interrupt polarity E9H 

register 

IRQ1 interrupt request COM 

flag register 

lENO Interrupt enable ASH 

register 

IEN1 Interrupt enable E8H 

register (INT2-INT9) 

IPO Interrupt priority B8H 

register 

IP1 Interrupt priority F8H 

register (INT2-INT9) 

1 .6 Oscillator Circuitry 

The on-chip oscillator circuitry of the 83CL41 1 
is a single-stage inverting amplifier biased by 
an internal feedback resistor (Figure 9). For 
operation as a standard quartz oscillator, no 
external components are needed (except at 
32kHz). When using external capacitors, 
ceramic resonators, coils and RC networks to 
drive the oscillator, five different 
configurations are supported (see Figure 10 
and oscillator options). 

In the Power-down mode the oscillator is 
stopped and XTAL1 is pulled HIGH. The 
oscillator inverter is switched off to ensure no 
current will flow regardless of the voltage at 
XTAL1 . To drive the device with an external 


clock source, apply the external dock signal 
to XTAL1 , and leave XTAL2 to float, as 
shown in Figure 18. There are no 
requirements on the duty cycle of the external 
clock, since the input to the internal docking 
circuitry is buffered by a flip-flop. 

The following options are provided for 
optimum on-chip oscillator performance. 
Please state option when ordering. 

1 .6.1 Oscillator options (see Figure 18) 

32kHz; Figure 10(c). An option for 32kHz 
clock applications with external 
trimmer for frequency adjustment. A 
4.7MQ bias resistor is needed for 
use in parallel with the crystal. 

Osc 2: Figure 10(e): An option for 
low-power, low-frequency 
operations using LC components 
or quartz. 

Osc 3; An option for medium frequency 
range applications. 

Osc 4: An option for high frequency range 
applications. 

RC: Figure 10(g). An option for an RC 

oscillator. 

The equivalent drcuit data of the internal 
oscillator compares with that of matched 
crystals. 


Vdd 



Figures. Oscillator 
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STANDARD 

QUARTZ 

OSCILLATOR 


QUARTZ 
OSCILLATOR 
WITH EXTERNAL 
CAPAOTORS 


i X 


CERAMIC 

RESONATOR 


X X 



EXTERNAL 

CLOCK 



Figure 10. Alternative Oscillator Configurations 


OSCILLATOR TYPE SELECTION GUIDE 


RESONATOR 


Cl EXT. (pF) 


C2 EXT. (pF) 


MAX. RESONATOR 
SERIES RESISTANCE 




NOTES: 

4. 32kHz quartz crystals with a series resistance higher than 1 5ki2 will reduce the guaranteed supply voltage range to 2.5 - 3.5V. 
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1 .6.2 RC Oscillator 

The externally adjustable RC-oscillator has a 
frequency range from 1 00 kHz to 500 kHz. 

1 .7 Reset circuitry 

To initialize the 83CL411, a reset is performed 
by either of two methods: 

• via the RST pin 

• via a power-on-reset 


It leaves the internal registers as follows; 

Register 

Content 

ACC 

0000 0000 

B 

0000 0000 

DPL 

0000 0000 

DPH 

0000 0000 

lEO 

0000 0000 

IE1 

0000 0000 

IPO 

XXOO 0000 

IP1 

0000 0000 

1X1 

0000 0000 

IRQ1 

0000 0000 

PCH 

0000 0000 

PCL 

0000 0000 

PCON 

OXXO 0000 

P0-P3 

1111 1111 

SOBUF 

xxxxxxxx 

SOCON 

0000 0000 

SP 

0000 0111 

TCON 

0000 0000 

THO, TH1 

0000 0000 

TLO, TL1 

0000 0000 

TMOD 

0000 0000 

PSW 

0000 0000 




400 

lose 

(kHz) 















\ 
























" 0 2 4 6 

RC (US) 

Figure 12. Frequency as a 
Function of RC 


The reset state of the port pins is 
mask-programmable and can therefore be 
defined by the user. The standard reset value 
for port P0-P3 is 1111 1111. 

The reset input to the 83CL411 is RST pin 
15. A Schmitt trigger qualifies tiie input for 
noise rejection. The output of the Schmitt 
trigger is sampled by the reset circuitry every 
machine cycle. 

A reset is accomplished by holding the RST 
pin HIGH for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. The CPU responds by generating an 
internal reset. Port pins adopt their reset state 
immediately after RST goes HIGH. During 
reset ALE and PSER are held HIGH. 


The external reset is asynchronous to the 
internal clock. The RST pin is sampled during 
State 5, Phase 2 of every machine cyde. 
After a HIGH is detected at the RST pin. an 
internal reset Is repeated every cycle until 
RST goes LOW. 

The internal RAM is not affected by reset. 
When Vdd is turned on the RAM contents are 
indeterminate. 

1 .7.1 Power-on reset 

The 83CL411 contains on-chip drcuitiy which 
switch the port pins to the customer defined 
logic level as soon as Vdd exceeds 1.3V. As 
soon as the minimum supply voltage is 
reached, the osdilator will start up. However, 
to ensure that the osdilator is stable before 
the controller starts, the clock signals are 
gated away from the CPU for a further 1536 
oscillator periods. 

A hysteresis of approximately 50mV at a 
typical power-on switching level of 1 .3V will 
ensure correct operation. 

An automatic reset can be obtained at 
power-on by connecting the RST pin to Vdd 
via a lOpF capacitor. At power-on, the 
voltage on the RST pin is equal to Vdd minus 
the capacitor voltage, and decreases from 
Vdd 3s the capacitor discharges through the 
internal resistor Rrst 1° ground. The larger 
the capacitor, the more slowly Vrst 
decreases. Vrst must remain above the 
lower threshold of the Schmitt trigger long 
enough to effect a complete reset. The time 
required is the oscillator start-up time, plus 2 
machine cycles. 



Figure 13. Reset Configuration at RST Pin 
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SWITCHING LEVEL 
POR ^ 


POWER-ON 
RESET (INTERNAL) 



'1536 OSCILLATOR 
PERIODS DELAY 


Figure 14. Power-on Reset Switching Level 
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1 .8 Instruction Sot execution speed. Assigned opcodes add new 16 three-byte instructions. When using a 

The 83CL4 1 1 uses a powerful instruction set high-power operation and permit new 1 2MHz oscillator, 64 instructions execute in 

which permits the expansion of on^ip CPU addressing modes. The instruction set Ips and 45 in 2ps. Multiply and divide 

peripherals and optimizes byte efficiency and consists of 49 single-byte, 46 two-byte and instructions execute in 4ps. 


Table 6. Instruction Set Description 




BYTES/ 

OPCODE 

MNEMONIC 

DESCRIPTION 

CYCLES 

(HEX.) 


Arithmetic Operations 


A,Rr 



Logic Operations 



direct, A 


direct,#data 


A.Rr 

A,direct 


A,(g)Ri 


A,#data 


direct, A 


Add register to A 


Add direct byte to A 


Add indirect RAM to A 


ADD immediate data to A 


Add register to A with carry flag 


Add direct byte to A with carry flag 
Add indirect RAM to A with carry flag 


Add immediate data to A with carry flag 


Subtract register from A with borrow 


Subtract direct byte from A with borrow 


Subtract indirect RAM from A with borrow 
Subtract immediate data from A with borrow 


Increment A 


Increment register 


Increment direct byte 
Increment indirect RAM 


Decrement A 
Decrement register 


Decrement direct byte 
Decrement indirect RAM 


Increment data pointer 


Multiply A & B 


Divide A by B 
Decimal adjust A 


AND register to A 


AND direct byte to A 


AND indirect RAM to A 
AND immediate data to A 


AND A to direct byte 


AND immediate data to direct byte 


OR register to A 
OR direct byte to A 


OR indirect RAM to A 


OR immediate data to A 


OR A to direct byte 
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Table 3. Instruction Set Description (Continued) 


MNEMONIC 

Logic Operations (continued) 
ORL direct.#data 


A,#data 


direct, A 
direct, #data 

A 

A 

A 

A 


A 

A 

A 



Data Transfer 


A,Rr 

A,direct 

A<§)R 

A,#data 

Rr,A 

Redirect 
Rr,#data 
direct,A 
direct, Rr 
direct, direct 
direct, @Ri 
direct, #data 

(§)Ri,A 

@Ri, direct 
(g>Ri,#data 
DPTR,#data16 



DESCRiPTiON 

OR immediate data to direct byte 
Exclusive-OR register to A 


Exclusive-OR direct byte to A 
Exclusive-OR indirect RAM to A 
Exclusive-OR Immediate data to A 


Exclusive-OR to direct byte 

Exclusive-OR immediate data to direct byte 

Clear A 

Complement A 

Rotate A left 

Rotate A left through the carry flag 


Rotate A right 

Rotate A right throught the carry flag 
Swap nibbles within A 

Move register to A 

Move direct byte to A 

Move indirect RAM to A 

Move immediate data to A 

Move A to register 

Move direct byte to register 

Move immediate data to register 

Move A to direct byte 

Move register to direct byte 

Move direct byte to direct 

Move indirect RAM to direct byte 

Move immediate data to direct byte 

Move A to indirect RAM 

Move direct byte to indirect RAM 

Move immediate data to indirect RAM 

Load data pointer with a 16-bit constant 


Push direct byte onto stack 


Pop direct byte from stack 


BYTES/ 

CYCLES 


A.<g)A-HDPTR 

Move code byte relative to DPTR to A 

A.@A-hPC 

Move code byte relative to PC to A 

A,@Ri 

Move external RAM (8-bit address ) to A 

A,@DPTR 

Move external RAM (16-bit address) to A 

@Ri,A 

Move A to external RAM (8-bit address) 

(3>DPTR,A 

MOV A to external RAM (16-bit address) 


OPCODE 

(HEX.) 
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Table 3. Instruction Set Description (Continued) 


MNEMONIC 

DESCRIPTION 

BYTES/ 

CYCLES 

OPCODE 

(HEX.) 

I Data Transfer (continued) | 

XCH 

A.Rr 

Exchange register with A 

1 

1 

C* 

XCH 

A, direct 

Exchange direct byte with A 

2 

1 

C5 

XCH 

A.<§)Ri 

Exchange indirect RAM with A 

1 

1 

C6. C7 

XCHD 

A,@Ri 

Exchange LOW-order digit indirect RAM with A 

1 

1 

D6. D7 

I Boolean Variable Manipulation | 

CLR 

C 

Clear carry flag 

1 

1 

C3 

CLR 

bit 

Clear direct bit 

2 

1 

C2 

SETB 

C 

Set carry flag 

1 

1 

D3 

SETB 

bit 

Set direct bit 

2 

1 

D2 

CPL 

C 

Complement carry flag 

1 

1 

B3 

CPL 

bit 

Complement direct bit 

2 

1 

B2 

ANL 

C.bit 

AND direct bit to carry flag 

2 

2 

82 

ANL 

C,/bit 

AND complement of direct bit to carry flag 

2 

2 

BO 

ORL 

C.bit 

OR direct bit to carry flag 

2 

2 

72 

ORL 

C,/bit 

OR complement of direct bit to carry flag 

2 

2 

AO 

MOV 

C.bit 

Move direct bit to carry flag 

2 

1 

A2 

MOV 

bit.C 

Move carry flag to direct bit 

2 

2 

92 

I Program and Machine Control | 

ACALL 

addril 

Absolute subroutine call 

2 

2 

**1addr 

LCALL 

addrie 

Long subroutine call 

3 

2 

12 

RET 


Return from subroutine 

1 

2 

22 

RETI 


Return from interrupt 

1 

2 

32 

AJMP 

addril 

Absolute jump 

2 

2 

***1addr 

LUMP 

addr16 

Long jump 

3 

2 

02 

SJMP 

rel 

Short jump (relative address) 

2 

2 

80 

JMP 

@A+DPTR 

Jump indirect relative to the DPTR 

1 

2 

73 

JZ 

rel 

Jump if A is zero 

2 

2 

60 

JNZ 

rel 

Jump if A is not zero 

2 

2 

70 

JC 

rel 

Jump if carry flag is set 

2 

2 

40 

JNC 

rel 

Jump if no carry flag 

2 

2 

50 

JB 

bit, rel 

Jump if direct bit is set 

3 

2 

20 

JNB 

bit, rel 

Jump if direct bit is not set 

3 

2 

30 

JBC 

bit, rel 

Jump if direct bit is set and clear bit 

3 

2 

10 

CJNE 

A, direct, rel 

Compare direct to A and jump if not equal 

3 

2 

B5 

CJNE 

A,#data,rel 

Compare immediate to A and jump if not equal 

3 

2 

B4 

CJNE 

Rr,#data.rel 

Compare immed. to reg. and jump if not equal 

3 

2 

B* 

CJNE 

@Ri,#data,rel 

Compare immed. to ind. and jump if not equal 

3 

2 

B6, B7 

DJNZ 

Rr.rel 

Decrement register and jump if not zero 

2 

2 

D* 

DJNZ 

direct, rel 

Decrement direct and jump if not zero 

3 

2 

D5 

NOP 


No operation 

1 

1 

00 
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NOTES TO TABLE 6: 

Data addressing modes 

Rr Working register R0-R7 

direct 128 internal RAM locations and any special function register (SFR) 

@Ri Indirect internal RAM location addressed by register RO or R1 . 

#data 8-bit constant included in instruction 

#data 16-bit constant included in instruction 

bit Direct addressed bit in internal RAM or SFR. 

addr16 16-bit destination address. Used by LCALL and LJMP. The branch will be anywhere within the 64K-byte program 
memory address space. 

addril 11-bit destination address. Used by ACALL and AJMP. The branch will be within the same 2K-byte page of program 
memory as the first byte of the following instruction. 

rel Signed (two’s complement) 8-blt offset byte. Used by SMJP and all conditional jumps. Range is -128 to +128 bytes 

relative to first byte of the following instruction. 

Hexadecimal opcode cross-reference to Table 5 
* : 8, 9. A. B ,C ,D ,E .F. 

** : 11,31,51,71,91. B1. D1, FI. 

*** : 01,21 ,41,61,81, Al, Cl, El. 


2.0 RATINGS 

ABSOLUTE MAXIMUM RATINGS 

Limiting values in accordance with the Absolute Maximum System (lEC 134) 


SYMBOL 

PARAMETER 

LIMITS 

UNIT 


MAX 

Vdd 

Supply voltage (Pin 40) 

-0.5 

6.5 

V 

V, 

All input voltages 

-0.5 

Vdd+0.5 

V 

h. Iq 

DC current into any input or output 

— 

5 

mA 

Plot 

Total power dissipation 

— 

300 


Tstg 

Storage temperature range 

-65 

150 

HHHi 

Tarrtb 

Operating ambient temperature range 

-40 

85 

°c 

Ti 

Operating junction temperature 

- 

125 

°c 
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3 .0 DC ELECTRICAL CHARACTERISTICS 

Vdd = 1-8V to eV; Vss = OV; Tamb = -40°C to -f-85°C, all voltages with respect to Vss; unless otherwise specified. 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

UMITS 

UNIT 

MIN 

TYP 

MAX 

Vdd 

Supply voltage 

RAM retention voltage in power-down mode 

fclK 

1.8 

1.0 

— 

6.0 

■ 

•do 

Power supply current: 


- 

- 

tbf 

mA 

Operating 


- 

— 

tbf 


Idle mode 


- 

— 

tbf 

lESilllll 

Power-down mode 


- 

- 

tbf 

pA 

•pD 



— 

- 

10 

pA 

ViL 

Input low voltage 


Vss 

- 

0.3Vdd 

V 

V,H 

Input high voltage 


O.TVdd 

— 

Vdd 

V 

•OL 

Output sink current, except SDA, SCL 

Vdd = 5v,Vol = 0.4V 

1.6 

- 

- 

mA 

Output sink current, SDA, SCL 

Vdd = 2.5v.Vol = 0.4 V 


- 

- 

mA 

•oh 

Output source current 

Vdd = 5v, Vqh = Vdd‘0.4V 


- 

- 

IIIIIII^QIII 

Vdd = 2.5v,Voh-Vdd-0.4V 

0.7 

- 

- 

18311 

l|L 

Logical 0 input current. Ports 1,2,3 

Vdd = 5v,V|n = 0.4V 

- 

- 

-100 

ISI 

Vdd = 2.5v,V,n= 0.4V 


- 

-50 

pA 

IjL 

Logical 1-to-O transition current. Ports 1, 2, 3 

Vdd = 5v.V,n = Vdd/2 

- 

- 

-1.0 


Vdd = 2.5v, V|N = Vdd/2 

- 

— 

-500 


Ili 

Input leakage current. Port 0, EA, SCL, SDA 

Vss < V| < Vdd 

- 

— 

±10 


Rrst 

Internal reset pull-down resistor 


10 

- 

200 



NOTES: 


1 . The operating supply current is measured with all output pins disconnected; XTAL1 driven with V = ^ = lOns; V|l = Vss+0.5V; 

ViH = Vdd- 0-5V; XTAL2 not connected; EA = RST + PortO = Vop. 

2. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with V = tf = 10ns; Vss = O.SV; V|h = Vqd-O.SV; 
XTAL2 not connected; EA = RST + Port 0 = Vqd- 

3. The power-down current is measured with all output pins disconnected; XTAL1 not connected; EA = Port 0 = Vdd; RST = Vss 

4. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the LOW level output voltage of ALE, Port 
1 and Port 3 pins when these pins make a 1-to-O transition during bus operations. In the most adverse conditions (capacitive loading > 
lOOpF) the noise pulse on the ALE line may exceed 0.8V. In this event it may be required to qualify ALE with a Schmitt trigger, or use an 
address latch with a Schmitt trigger strobe input. 

5. Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and PSEN to momentarily fall below the 0.9% of 
Vdd specification when the address bits are stabilizing. 


Decembers, 1992 


296 


































Philips Semiconductors Microcontroller Products 


Objective specification 


Low-voltage single-chip 8-bit microcontroller 


83CL411 


4.0 AC CHARACTERISTICS 
AC ELECTRICAL CHARACTERISTICS 

Vdd = 5V±10%; Vss = OV; Tamb = -40°c to -i-85°C: Cl = 50pF for Port 0. ALE and PSEN; Cl = 80pF for all other outputs 
unless otherwise specified. 


SYMBOL 

PARAMETER 

12MHz CLOCK 

VARIABLE CLOCK 

UNIT 

MIN 

MAX 

MIN 

MAX 

Program Memory (see Figure 16) | 

tLL 

ALE pulse duration 

127 

- 

2tcK-40 

- 

ns 

Ul 

Address set-up time to ALE 

43 

__ 

tcK-40 

- 

moiii 

tLA 

Address hold time after ALE 

48 

- 

tcK-35 

- 

IIUQIII 

tLC 

Time from ALE to control pulse PSEN 

58 

— 

tcK-25 

__ 

HSH 

tLIV 

Time from ALE to valid instruction input 

— 


- 

4tcK~1 00 

ns 

fee 

Control pulse duration PSEN 

215 


3fcK-35 


ns 

tciv 

Time from PSEN to valid instruction input 

— 


— 


ns 

fci 

Input instruction hold time after PSEN 

0 

- 

0 

- 

ns 

tciF 

Input instruction float delay after PSEN 

— 

63 

— 

tcK-20 

ns 

tAC 

Address valid after PSEN 

75 

— 

tCK-8 


ns 

UlV 

Address to valid instruction input 

— 


- 

5tcK-115 

ns 

tAFC 

Address float time to PSEN 

12 

- 

0 

- 

ns 


AC ELECTRICAL CHARACTERISTICS 

Vdd = 5V; Vss = OV; = -40°C to -i-85°C: Cl = 50pF for Port 0; ALE and PSEN, Cl = 40pF for ail other outputs 
unless othenwise specified. 


SYMBOL 

PARAMETER 

12MHz CLOCK 

VARIABLE CLOCK 

UNIT 

MIN 

MAX 

MIN 

MAX 

External Data Memory (see Figures 17 and 18) | 

tRR 

RD pulse duration 

400 

— 

StcK-lOO 

— 

ns 

tww 

WR pulse duration 

400 

— 

6tcK~^ 00 

— 

IIQIIIIIII 

fLA 

Address hold time after ALE 

48 

— 

tcK-35 

— 

BB9B 

tRD 

RD to valid data input 

_ 

150 

— 

5tcK-165 

mmi 

bFR 

Data float delay after RD 

— 

97 

— 

2tcK-70 

ns 

tlD 

Time from ALE to valid data input 

_ 

517 

— 

OtcK-ISO 

ns 

tAD 

Address to valid data input 

— 

585 

- 


ns 

kvj 

Time from ALE to RD and WR 

200 

300 

3tcK-50 

3tcK+50 

ns 

tAW 

Time from address to RD or WR 

203 

— 

4 

— 

ns 

twHLH 

Time from RD or WR HIGH to ALE HIGH 

43 

123 

tcK-40 

tcK+40 

ns 

bwx 

Data valid to WR transition 

23 

— 

tcK-60 

— 

ns 

tow 

Data set-up time before WR 

433 

— 

7tcK-150 

— 

ns 

two 

Data hold time after WR 

33 

— 

tcK-50 

— 

ns 

Ufr 

Address float delay after RD 

— 

12 

- 

12 

ns 


NOTES: 


1. Interfacing the 83CL41 1 to devices with float times up to 75ns is permitted. This limited bus contention will not cause damage to 
Port 0 drivers. 
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Figure 19. Instruction Cycle Timing 
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5 .0 CHARACTERISTIC CURVES 
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Figure 25. Typical Power-down Current vs. Vdq, Tamb = 25°C 
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GENERAL DESCRIPTION 

The 83CL580 is manufactured in an 
advanced CMOS technology. The instruction 
set of the 83CL580 is based on that of the 
8051 . The 83CL580 is an 8-bit general 
purpose microcontroller especially suited for 
cordless telephones and mobile 
communication applications. The device has 
low power consumption and a wide range of 
supply voltage. For emulation purposes, the 
85CL580 (Piggy-back version) with 256 bytes 
of RAM is recommended. The 83CL580 has 
two software selectable modes of reduced 
activity for further power reduction; Idle and 
Power-down. The 83CL580 also functions as 
an arithmetic processor having facilities for 
both binary and BCD arithmetic plus 
bit-handling capabilities. The instruction set 
consists of over 100 instructions; 49 
one-byte, 46 two-byte, and 16 three-byte. 


FEATURES 

• Full static 80C51 CPU 

• 8-bit CPU, ROM, RAM, I/O in a single 
56-lead VS056 or 64-lead QFP64 package 

• 6K X 8 ROM, expandable externally to 64K 
bytes 

• 256 bytes RAM, expandable externally to 
64K bytes 

• Five 8-bit ports, 40 I/O lines 

• Three 16-bit timer / event counters 

• External memory expandable up to 128K, 
external ROM up to 64K and / or RAM up 
to64K 

• On-chip oscillator suitable for RC, LC, 
quartz crystal or ceramic resonator 

• Fifteen source, fifteen vector interrupt 
structure with two priority levels 

• Full duplex serial UART 

• I^C-bus interface for serial transfer on two 
lines 

• A/D converter with power-down mode 
(8-bit, 4 inputs) 


• Pulse width modulated output (8-bit 
resolution) 

• Watchdog timer 

• Enhanced architecture with; 

- non-page oriented instructions 

- four eight byte RAM register banks 
“ direct addressing 

- multiply, divide, subtract and compare 
instructions 

• stack depth limited only by available 
internal RAM (max. 256 bytes) 

• Power-Down and IDLE Instructions 

• Wake-up via external interrupts at Port 1 

• Single supply voltage of 2.5V to 6.0V 

• Frequency range of 32 kHz to 12 MHz 

• Very low current consumption; typically 6 
mA at 3.5V / 8 MHz 

• Operating temperature range; ^0 to 
+85 °C 


ORDERING INFORMATION 


PHILIPS PART ORDER 
NUMBER PART MARKING 

PHIUPS NORTH AMERICA ^ 
PART ORDER NUMBER 


ROMIess 

ROM 

ROMIess 

ROM 

TEMPERATURE RANGE °C 
AND PACKAGE 

FREQUENCY 

DRAWING 

NUMBER 

P80CL580HFT 

P83CL580HFT 

P80CL580HF D 

P83CL580HF D 

-40 to +85 56-Lead Plastic 
VSO (Very Small Outline) 

Dual In-line Package 

32KHZ to 12MHz 

SOT129 

P80CL580HFH 

P83CL580HFH 

P80CL580HF B 

P83CL580HF B 

-40 to +85 64-Lead Plastic 

Quad Flat Pack 

32KHz to 12MHz 

SOT319 


NOTES: 

1 . Parts ordered by the Philips North America part number will be marked with the Philips part marking. 
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P1.0/INT2/T2 
P1.1/INT3/T2EX 
P1 .2/INT4/STADC 
P1.3/INT5 
P1.4/INT6 
P1.5/INT7 
P1.6/INT8/SCL 
P1.7/SDA 


P3.0/RXD/data 


P3.1/TxD/clock 


Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pullups. Port 1 pins that 
have Is written to them are pulled HIGH by the internal pullups, and in that state 
can be used as inputs. The Port 1 output buffer can sinl^source 4 LS TTL loads. As 
inputs, Port 1 pins that are externally pulled LOW will source current (I|l in the 
characteristics) due to the internal pullups. 

Port 1 also serves the alternative functions INT2 to I NTS, Timer T2 external input 
external trigger of A/D conversion, and for the I^C-bus interface. 


Reset; A high level on this pin for two machine cycles while the osdilator is running 
resets the device. 

Port 3; Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. The Port 3 
output buffers can sink/source 4 LS TTL inputs. Port 3 pins that have 1s written to 
them are pulled HIGH by the internal pull-ups, and in that state can be used as 
inputs. As inputs, Port 3 pins that are externally pulled LOW will source current (I|l 
in the characteristics) due to the internal pull-ups. 


RXD/data: serial port receiver data input (asynchronous)or data input/output 
(synchronous) 

TXD/ciock; serial port transmitter data output (asynchronous) or clock output 
(synchronous) 
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PIN PESCRIPTiON (Continued) 


I PIN 

DESIGNATION 

FUNCTION 

VS056 

31 

QFP64 

29 

P3.2/fNTD 

INTO: external interrupt 0. 

32 

30 

P3.3/rNTT 

INTi: external interrupt 1 . 

33 

31 

P3.4/T0 

TO: Timer 0 external input. 

34 

32 

P3.5/T1 

T1: Timer 1 external input. 

35 

33 

P3.6/WR 

WR: external data memory write strobe. 

36 

34 

P3.7/Tiry 

RD: external data memory read strobe. 

6 

64 

AVss 

Analogue ground 

5 

63 

AVrefp 

High-end of analogue to digital conversion reference resistor 

1 -4 

59-62 

AD3-AD0 

Four input channels to ADC 

25 

23 

EWN 

Enable watchdog timer: Enable for watchdog timer andenable Power-down mode 

24 

22 

PWM0 

Pulse width modulation output 0 

26 

24 

XTAL2 

Crystal output: output of the inverting amplifier of the oscillator. Left open when 
external clock is us^. 

27 

25 

XTAL1 

Crystal input: input to the inverting amplifier of the oscillator, also the input for an 
externally generated clock source. 

28 

26 

Vss 

Ground : circuit ground potential. 55-53 

55-53 

49-45 

56-54 

49-45 

P2.0 - P2.2 

P2.3 - P2.7 

Port 2: Port 2 Is an 8-bit bidirectional I/O port with internal pullups. Port 2 pins that 
have 1 s written to them are pulled HIGH by the internal pullups, and in that state 
can be used as inputs. The Port 2 output buffer can sink/source 4 LS TTL loads. 

Port 2 emits the high-order address byte during accesses to external memory that 
use 16-bit addresses (MOVX @DPTR). In this application it uses the strong internal 
pullups when emitting Is. During accesses to external memory that use 8-bit 
addresses (MOVX @Ri). Port 2 emits the contents of the P2 Special Function 
Register. 

52 

53 

PSEN 

Program store enable output: read strobe to external program memory. When 
executing code out of external program memory, PSEN is activated twice each 
machine cycle. However, during each access to external data memory two PSEN 
activations are skipped. 

51 

52 

ALE 

Address Latch Enable: output pulse for latching the low byte of the address during 
access to external memory. ALE is emitted at a constant rate of 1/6 of the oscillator 
frequency, and may be used for external timing or clocking purposes 

50 

51 

EA 

External Access: When EA is held High the CPU executes out of internal program 
memory (unless the program counter exceeds 1 7FFH). Holding EA LOW forces the 
CPU to execute out of external memory regardless of the value of the program 
counter 

37-44 

37-44 

PO.O - P0.7 

Port 0: Port 0 is an 8-bit open drain bidirectional I/O port. As an open drain output 
port it can sink 8 LS TTL loads. Port 0 pins that have Is written to them float, and in 
that state will function as high impedance inputs. Port 0 is also the multiplexed low 
order address and data bus during access to external memory. In this application it 
uses strong internal pull-ups when emitting logic Is 

7-14 

1 - 2, 4 - 8, 
10 

P4.0 - P4.7 

Port 4: 8-bit bidirectional I/O port. 

56 

57 

Vdd 

Power supply. 


1 .0 FUNCTIONAL DESCRIPTION 
General 

The 83CL580 is a stand-alone 
high-performance CMOS microcontroller 
designed for use in real-time applications 
such as cordless telephone and mobile 
communications, instrumentation, industrial 
control, intelligent computer peripherals and 
consumer products. 

The device provides hardware features, 
architectural enhancements and new 


instructions to function as a controller for 
applications requiring up to 64K bytes of 
program memory and/or up to 64K bytes of 
data storage. 

The 83CL580 contains a non-volatile 6K byte 
X 8 read-only program memory; a static 256 
byte X 8 read/write data memory; 40 I/O lines; 
three 16-bit timer/event counters; a 
fifteen-source two priority-level, nested 
interrupt structure and on-chip oscillator and 
timing circuit, 4-channel 8-blt A/D converter, 


watchdog timer, and pulse width modulation 
output. 

The device has two software selectable 
modes of reduced activity for power 
reduction; IDLE and Power-down. The Idle 
mode freezes the CPU while allowing the 
RAM, timers, serial I/O and interrupt system 
to continue functioning. The Power-down 
mode saves the RAM contents but freezes 
the oscillator causing all other chip functions 
to be inoperative. 
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In addition, the device provides an I^C-bus 
serial I/O port with byte oriented master and 
slave functions, which allows communication 
with the whole family of I^C-bus compatible 
ICs and a standard UART serial interface. 

CPU timing 

A machine cycle consists of a sequence of 6 
states. Each state time lasts for two oscillator 
periods, thus a machine cycle takes 1 2 
oscillator periods or 1 p.s if the oscillator 
frequency Is 12 MHz. 

Note: This datasheet covers only the special 
features of the 83CL580. For details on the 
83CL580 core and the I^C-bus functions see 
the user manual: 

1 .1 Memory organization 

The 83CL580 has a 6K Program Memory 
(ROM) plus 256 bytes of Data Memory 
(RAM) on board. The device has separate 
address spaces for Program and Data 
Memory (see Figure 1). Using Ports PO and 
P2, the 83CL580 can address up to 64K 


bytes of external memory. The CPU 
generates both read and write signals (RD 
and WR) for external Data Memory accesses, 
and the read strobe (PSEN) for external 
Program Memory. 

1 .1.1 Program Memory 

The 83CL580 contains 6K bytes of Internal 
ROM. After reset the CPU begins execution 
at location CX)(X)H. The lower 6K bytes of 
Program Memory can be implemented In 
either on-chip ROM or external Memory. If 
the EA pin Is strapped to Vqd. then program 
memory fetches from addresses OOOH 
through 17FFH are directed to the internal 
ROM. Fetches from addresses 1800H 
through FFFFH are directed to external ROM. 
Program countervalues greater than 17FFH 
are automatically addressed to external 
memory regardless of the state of the EA pin. 

1 .1.2 Data Memory 

The 83CL580 contains 256 bytes of internal 
RAM and 40 Special Function Registers 


(SFR). Figure 1 shows the internal Data 
Memory space divided into the Lower 128, 
the Upper 128, and the SFR space. Internal 
RAM locations 0-1 27 are directly and 
indirectly addressable. Internal RAM 
locations 128-255 are only Indirectly 
addressable. The special function register 
locations 1 28-255 are only directly 
addressable. 

1 .1.3 Special Function Registers 
The upper 128 bytes are the address 
locations of the SFRs. Figure 3 shows the 
Special Function Register (SFR) space. 
SFRs include the port latches, timers, 
peripheral control, serial I/O registers, etc. 
These registers can only be accessed by 
direct addressing. There are 128 bit 
addressable locations in the SFR address 
space (SFRs with addresses divisible by 
eight). 


FUNCTIONAL DIAGRAM 
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BLOCK DIAGRAM 
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Figure 1. Memory Map 
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Figure 2. The Lower 128 Bytes of Internal RAM 
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1 .1.4 Addressing 

The 83CL580 has five methods for 
addressing source operands; 

• Register 

• Direct 

• Register-Indirect 

• Immediate 

• Base-Register-plus Index-Register-indirect 

The first three methods can be used for 
addressing destination operands. Most 
instructions have a "destination/source” field 
that specifies data type, addressing methods 
and operands involved. For operations other 
than MOVs, the destination operand is also a 
source operand. 

Access to memory addressing is as follows; 

• Registers in one of the four register banks 
through register, direct or indirect. 

• Special Function Register through Direct. 

• External data memory through 
Register-Indirect 

• Program memory look-up tables through 
Base-Register-plus index-Register-indirect. 

1 .2 I/O facilities 

1 .2.1 Ports 

The 83CL580 has 40 I/O lines treated as one 
port plus 32 individually addressable bits or 


as five parallel 8-bit addressable ports. Port 

0. 1.2 and 3 perform the following alternate 
functions; 

• Port 0; provides the multiplexed low-order 
address and data bus for expanding the 
device with standard memories and 
peripherals. 

• Port 1 : (1 ) provides the inputs for the 
external Interrupts INT2 / INT8, Timer T2, 
I^C-bus (2) External activation of Timer 2 
(3) External trigger of ADC (4) I^C-bus 

• Port 2; provides the high-order address 
when expanding the device with external 
program or data memory. 

• Port 3; pins can be configured individually 
to provide; (1 ) external interrupt request 
inputs (2) counter input (3) control signals 
to read and write to external memories (4) 
UART input and output 

• Port 4 has no alternate function. 

To enable a Port 3 pin alternate function, the 
Port 3 bit latch in its SFR must contain a logic 

1. 

Each port consists of a latch (Spedal 
Function Registers PO to P4), an output 
driver and an input buffer. Ports 1 ,2,3,4 have 
Internal pull-ups. Figure 4(a) shows that the 
strong transistor pi is turned on for only 2 
oscillator periods after a O-to-1 transition in 
the port latch. When on, it turns on p3 


(a weak pull-up) through the inverter. This 
inverter and p3 form a latch which hold the 1 . 
In Port 0 the pull-up pi is only on when 
emitting 1 s for external memory access. 
Writing a 1 to a Port 0 bit latch leaves both 
output transistors switched off so the pin can 
be used as a high-impedance input. 

1 .2.2 Port Options 

Thirty eight of the 40 parallel port pins 
(excluding PI. 6 and PI. 7, fixed option 2s) 
may be individually configured with one of the 
following options (see Figure 4); 

Option 1 ; Standard Port; quasi-bidirectional 
I/O with pull-up. The strong booster pull-up 
pi is turned on for two oscillator periods after 
a O-to-1 transition in the port latch (see Figure 
4(a)). 

Option 2; Open drain; quasi-bidirectional I/O 
with n-channel open drain output. Use as an 
output requires the connection of an external 
pull-up resistor (see Figure 4(c)). 

Option 3; Push-Pull; output with drive 
capability in both polarities. Under this option, 
pins can only be used as outputs (See Figure 
4(b)). 

The definition of port options for port 0 is 
slightly different. Two cases have to be 
examined. First, accesses to external 
memory (EA=0 or access above the built -in 
memory boundary), second, I/O accesses. 


STRONG PULL-UP 



(B) PUSH-PULL 


(C) OPEN-DRAIN 


Figure 4. Port Options 
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External Memory Accesses 

Option 1 : True 0 and 1 are written as address 

to the external memory (strong pull-up is 

used). 

Option 2: An external pull-up resistor is 
needed for external accesses. 

Option 3: Not allowed for external memory 
accesses as the port can only be used as 
output. 

I/O Accesses 

Option 1 ; When writing a 1 to the port-latch, 
the strong pull-up p1 will be on for 2 oscillator 
periods. No weak pull-up exists. Without an 
external pull-up, this option can be used as a 
high-impedance input. 

Option 2; Open drain; quasi-bidirectional I/O 
with n-channel open drain output. Use as an 
output requires the connection of an externa! 
pull-up resistor (see Figure 4(c)). 

Option 3: Push-Pull ; output with drive 
capability in both polarities. Under this option, 
pins can only be used as outputs. 

Individual mask selection of the post-reset 
state is available on any of the above pins. 
Make your selection by appending ”S" or "R" 
to option 1 ,2, or 3 above (e.g. 1S for a 
standard I/O to be set after RESET or 2R for 
an open-drain I/O to be reset after RESET). 

Option S: SET; after reset this pin will be 
initialized HIGH. 


Option R: RESET; after reset this pin will be 
initialized LOW. 

1 .3 Timer/event counter 

The 83CL580 contains three 16-bit 
Timer/Counter registers; Timer 0, Timer 1 , 
and Timer 2 which can perform the following 
functions; 

• Measure time intervals and pulse durations 

• Count events 

• Generate interrupts requests 

Timer 0 and Timer 1 can be independently 
programmed to operate as follows: 

• Mode 0; 8-bit timer or counter with 
divide-by-32 prescaler 

• Mode 1 ; 16-bit time-interval or event 
counter 

• Mode 2; 8-bit time interval or event counter 
with automatic reload upon overflow 

• Mode 3; Timer 0 establishes TLO and THO 
as two separate counters. 

In the "Timer" function, the register is 
incremented every machine cycle. Since a 
machine cycle consists of 12 oscillator 
periods, the count rate is 1/1 2 of the oscillator 
frequency. 


In the "Counter” function, the register Is 
incremented in response to a 1-to-O 
transition. Since it takes 2 machine cycles (24 
oscillator periods) to recognize a 1-to-O 
transition, the maximum count rate is 1/24 of 
the oscillator frequency. To ensure a given 
level is sampled, it should be held for at least 
one full machine cycle. 

1.3.1 Timer 2 

Timer 2 is a 16-bit Timer/Counter. Like Timers 
0 and 1 , it can operate either as a timer or as 
an event counter. This is selected by bit C/T2 
in the Special Function Register T2CON 
(Figure 5). It has three operating modes: 
"capture", "auto load" and "baud rate 
generator”, which are selected by bits in 
T2CON as shown In Table 1 . 


Table 1. Timer 2 Operating 
Modes 


RTCLK 

CP/R12 

TR2 

MODE 

0 

0 

1 

16-Bit 

Auto- reload 

0 

1 

1 

16-Bit 

Capture 

1 

X 

1 

Baud Rate 
Generator 

X 

X 

0 

(Off) 


(MSB) (LSB) 


TF2 

EXF2 

GF2 

RTCLK 

EXEN2 

TR2 

C/T5 

CP/RE5 


Symbol 

Position 

Name and Significance 

TF2 

T2CON.7 

Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not 
be set when RCLK = 1 . 

EXF2 

T2CON.6 

Timer 2 external flag set when either a capture or reload is caused by a negative transition of 
T2EX and EXEN = 1. When Timer 2 Interrupt is enabled, EXF2 -t- will cause the CPU to 
vector to the Timer 2 interrupt routine. EXF2 must be cleared by software. 

GF2 

T2CON.5 

General purpose flag bit 

RTCLK 

T2CON.4 

Receive/transmit clod< flag. When set, causes the serial port to use Timer 2 overflow pulses 
for its receive and transmit clock in modes 1 and 3. TLCK = 0 causes Timer 1 overflows to be 
used for the receive and transit clock. 

EXEN2 

T2CON.3 

Timer external enable flag. When set, allows a capture or reload to occur as a result of a 
negative transition on T2EX if Timer 2 is not being used to clock the serial port. EXEN2 = 0 
causes Timer 2 to ignore events at T2EX. 

TR2 

T2C ON. 2 

Start/stop control for Timer 2. A logic 1 starts the timer. 

C/T2 

T2CON.1 

Timer or counter select. Timer 2) 

0 = Internal timer (OSC/1 2) 

1 = External event counter (falling edge triggered) 

CP/RE5 

T2CON.O 

Capture/Reload flag. When set, captures will occur on negative transitions at T2EX if 

EXEN2 = 1 . When cleaned, auto-reloads will occur either with Timer 2 overflows or negative 
transitions at T2EX when EXEN2 = 1. When RCLK = 1, this bit is ignored and the timer is 
forced to auto-reload on Timer 2 overflow. 

Figure 5. T2CON: Timer/Counter 2 Control Register 
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In the Capture Mode there are two options 
which are selected by bit EXEN2 in T2CON. 

If EXEN2=0, then Timer 2 is a 1 6-bit timer or 
counter which upon overflowing sets bit TF2, 
the Timer 2 overflow bit, which can be used 
to generate an interrupt. If EXEN2=1, then 
Timer 2 still does the above, but with the 
added feature that a 1-to-O transition at 
external input T2EX causes the current value 
in the Timer 2 registers, TL2 and TH2, to be 
captured into registers RCAP2L and 
RCAP2H, respectively. In addition, the 
transition at T2EX causes bit EXF2 in 
T2CON to be set, and EXF2, like TF2, can 
generate an interrupt. The Capture Mode is 
illustrated in Figure 6. 

In the auto-reload mode there are again two 
options, which are selected by bit EXEN2 in 
T2CON. If EXEN2=0, then when Timer 2 rolls 
over it not only set TF2 but also causes the 
Timer 2 registers to be reloaded with the 
16-bit value in registers RCAP2L and 
RCAP2H, which are preset by software. If 
EXEN2=1 , the Timer 2 still does the above, 
but with the added feature that a 1-to-O 
transition at external input T2EX will also 

trigger the 16-bit reload and set EXF2. 

The auto-reload mode is Illustrated in Figure 
NO TAG. 

The baud rate generator mode is selected by 
RTCLK=1 . It will be described in conjunction 
with the serial port. 

1.3.2 The Watchdog Timer 

In addition to Timer T2 and the standard 
timers, a watchdog timer consisting of an 


1 l-bit prescaler and an 8-blt timer are also 
incorporated. See Figure 8. 

The timer frequency is derived from the 
oscillator frequency using the following 
formula: 

ftimer = ^osc / (1 2 X 2048) 

When a timer overflow occurs, the 
microcontroller is reset and a reset output 
pulse is generated at pin RST. To prevent a 
system reset the timer must be reloaded in 
time by the application software, if the 
processor suffers a hardware/software 
malfunction, the software will fail to reload the 
timer. This failure will produce a reset upon 
overflow thus preventing the processor 
running out of control. 

The watchdog timer can only be reloaded if 
the condition flag WLE = PCON .4 has been 
previously set by software. 

At the moment the counter is loaded the 
condition flag Is automatically cleared. 

The time interval between the timer’s 
reloading and the occurance of a reset is 
dependent upon the reloaded value. For 
example, this may range from 2 ps to 0.5 s 
when using an oscillator frequency of 1 2 
MHz. 

In the Idle state the watchdog timer and reset 
circuitry remain active. 

The watchdog timer is controlled by the 
watchdog enable pin (EWN). A logic 0 
enables the watchdog timer and disables the 


Power-down mode. A logic 1 disables and 
resets the watchdog timer and enables the 
Power-down mode. 

1.3.3 Pulse width modulated output 

One pulse width modulated output channel is 
provided in the 83CL580 (fig. 12). This 
channel outputs pulses of programmable 
length and interval. The repetition frequency 
is defined by an 8-bit prescaler PWMP which 
generates the clock for the counter. The 8-bit 
counter counts modulo 255 i.e. from 0 to 254 
inclusive. The value of the 8-bit counter is 
compared to the content of the register 
PWMO. Provided the contents of this 
registers is greater than the counter value, 
the output of PWMO is set LOW. If the 
content of this register is equal to, or less 
than the counter value, the output will be 
HIGH. The pulse-width-ratio is therefore 
defined by the contents of the register 
PWMO. The pulse-width-ratio is in the range 
of 0 to 255/255 and may be programmed in 
increments of 1/255. 

The repetition frequency fpwM. PWMO 
output is given by: 

fpwM = fosc / {2 X (UPWMP) X 255} 

When using an oscillator frequency of 1 2 
MHz for example, the above formula gives a 
repetition frequency range of 92 Hz to 23.5 
kHz. 

The PWMO output pin is driven by push-pull 
drivers, and is not shared with any other 
function. 


T2PIN 


T2EX PIN 



EXEN2 


Figure 6. Timer 2 in Capture Mode 
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By loading the PWMO register with either OOH 
or FFH, the PWMO output can be retained at 
a constant HIGH or LOW level respectively. 
When loading FFH to the PWMO register, the 
8-bit counter will never actually reach this 
value. 

Prescaler Frequency Control 
Register Pwmp 


(FEH) in6|5M|3| 2M l°l 

BII FUNCTION 

PWMP.0-7 Prescaler division 
factor = (PWMP)+1 

Pulse Width Register PwmO 


(FCH) |7|g|5h|3|2|l|0| 

BIT FUNCTION 

PWMPO LOW/HIGH ratio of PWMO 
SIGNAL = (PWMO) / 

(255 - (PWMO) 

1.3.4 A/D converter 

The analogue input circuitry consists of an 
4-input analogue multiplexer and an ADC 
with 8-bit resolution. The analogue reference 
voltage and analogue ground are connected 


via separate input pins. The conversion is 
selectable from 24 machine cycles (24 p.s at 
1 2 MHz oscillator frequency) to 48 machine 
cycles. 

The ADC is controlled using the ADCON 
control register, input channels are selected 
by the analogue multiplexer, care of ADCON 
register bits 0-1 . 

ADC control register ADCON 
(C4H) 

7 6 5 4 3 2 1 0 

I - I PD I ADExI ADCI IaOCS IcKDIvIaAORI IaADRoI 


Bil SYMBOL FUNCTION 

PCON,6 PD This power down bit 
switches off the 
resistor reference to 
save power even 
while the CPU is 
operating. 

PCON.5 ADEX Enable external start 
of conversion by pin 
STADC 0 = 
Convesion cannot 
be started externally 
by STADC 1 = 
Conversion can be 
started externally by 


ADC interrupt flag; 
this flag is set when 
an ADC conversion 
result is ready to be 
read. An interrupt is 
invoked if this is 
enabled. The flag 
must be cleared by 
software. It cannot 
be set bysoftware. 

ADC start and 
status: setting this 
bit starts an ADC 
conversion. It may 
be set by software 
or by the external 
signal STADC. The 
ADC logic ensures 
that this signal is 
HIGH while the ADC 
is busy. On 
completion of the 
conversion, ADCS 
is reset after that the 
interrupt flag ADCI 
is set. ADCS cannot 
be reset by 
software. 
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ADCI 

ADCS 

OPERATION 

0 

0 

ADC not busy, a 
conversion can be 
started 

0 

1 

ADC busy, start of a new 
conversion is blocked 

1 

1 

Conversion completed, 
start of a new conversion 
is blocked 

1 

1 

Not possible 


ADCON.2 CKDIV In order to run the 
CPU at the maxi- 
mum frequency (12 
MHz) and keep the 
AD timing at low 
frequency, the set- 
ting of this bit di- 
vides the CPU 
clock by a factor 2. 

ADCON.1 AADR1 Analogue input 

select; this binary 
coded address 
selects one of the 
four analogue port 
bits. 

ADCON.O AADRO It can only be 

changed when 
ADCI and ADCS 
are both LOW. 
AADR1 is the most 
significant bit (11 
selects the ADS 
analogue input 
channel). 

The completion of the 8-bit ADC conversion 
is flagged by ADCI in the ADCON register 
and the result is stored in special function 
register ADCH (C5H). 

An ADC conversion in progress is unaffected 
by an external or software ADC start. The 
result of a completed conversion remains 
unaffected provided ADCI = logic 1. While 
ADCS = logic 1 or ADCI = logic 1 , a new 
ADC START will be blocked and 
consequently lost. An ADC conversion 
already in progress is aborted when the 
Power-down mode is entered. The result of a 
completed conversion (ADCI = logic 1) 
remains unaffected when entering the Idle 
mode. 

The A/D conversion can be started in 3 ways; 

a) Start in operating mode, continue 
operating mode. 

b) Start in operating mode, by setting the 
ADCS bit, go to idle mode. 

c) Set the AD EX bit, go to idle mode and 
start conversion externally via the STADC 
pin. 


For all 3 cases a - c the interrupt flag ADCI is 
set upon completion of the conversion. 

1 .4 Idle and Power-down 
Operation 

Idle mode operation permits the interrupt, 
serial ports, timer blocks and ADC to 
continue functioning while the clock to the 
CPU is halted. 

The following functions remain active during 
Idle mode. These functions may generate an 
interrupt or reset and thus end the Idle mode. 

• Timer 0, Timer 1 , Timer 2, Timer 3 

• SIO, |2C 

• External interrupt 

• PWMO (reset, output^HIGH) 

•ADC 

The Power-down operation freezes the 
oscillator. The Power-down mode can only be 
activated by setting the PD bit in the PCON 
register. The PD bit can only be set if the 
EWN input is HIGH. 

1 .4.1 Power control register (PCON) 

These special modes are activated by 
software via the Special Function Register 
PCON. Its hardware address is 87H. [PCON 
is not bit addressable.] 


7 6 

5 4 

3 2 10 

|sMOo| - I 

- WLE 

GFI GFOV PD IDL 

MSB 


LSB 

BIT 

SYMBOL 

FUNCTION 

PCON.7 

SMOD 

Double Baud rate 
bit. When set to 
logic 1 baud rate is 
doubled when the 
serial port SI0 1 is 
being used in 
modes 1, 2, or 3. 

PCON.6 

- 

(reserved) 

PCON.5 

- 

(reserved) 

PCON.4 

WLE 

Watchdog load 
enable. This flag 
must be set by by 
software prior to 
loading T3 
(watchdog timer). It 
is cleared whenT3 is 
loaded. 

PCON .3 

GF1 

General-purpose 
flag bit 

PCON.2 

GFO 

General-purpose 
flag bit 


PCON.1 PD Power-down bit. 

Setting this bit 
activates the 
Power-down mode. 

It can only be set if 
input EWN is high. 
PCON.O IDL Idle mode bit. 

Setting this bit 
activates the Idle 
mode 

If logic Is are written to PD and IDL at the 
same time, PD takes precedence. The reset 
value of PCON is (OXXOOOOO). 

1 .4.2 Power-down mode 

The instruction setting PCON.1 is the last 
executed prior to going into the Power-down 
mode. In Power-down mode the oscillator is 
stopped. The contents of the on-chip RAM 
and SFRs are preserved. The port pins 
output the values held by their respective 
SFRs. ALE and PSEN are held LOW. 

1 .4.3 Wake-up mode 

Setting the PD flag in the PCON register 
forces the controller into the Power-down 
mode. Setting this flag enables the controller 
to be woken up from the Power down mode 
with either the external interrupts INT2 / INT8, 
or a reset operation. 

The wake-up operation after power-down in 
this controller has two basic approaches; 

1 .4.3.1 Wake-up using INT2/INT8 

If INT2 to INT8 are enabled, the 83CL580 
can be woken-up from power-down mode 
with the external interrupts. To ensure that 
the oscillator is stable before the controller 
restarts, the internal clock will remain inactive 
for 1536 oscillator periods. This is controlled 
by an on-chip delay counter. 

1 .4.3.2 Wake-up using RESET 

To wake-up the 83CL580 the RESET pin has 
to be kept HIGH for a minimum of 24 periods. 
The on-chip delay counter is inactive. The 
user has to ensure that the oscillator is stable 

before any operation is attempted. Figure 8 
illustrates the two possibilities for wake-up. 
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STADC 


Avrep 

ANALOGUE 

REF. 


AvsS 

ANALOGUE 

GROUND 


Figure 10. Functional Diagram of Analog Input 


1 .4.4 idle mode 

The instruction that sets PCON.O is the last 
instruction executed in the normal operating 
mode before Idle mode is activated. Once in 
the Idle mode, the CPU status is preserved in 
its entirety: the Stack Pointer, Program 
Counter, Program Status Word, Accumulator, 
RAM and all other registers maintain their 
data during Idle mode. The status of the 
external pins during Idle mode is shown in 
Table 2. 

There are two methods used to terminate the 
Idle mode. Activation of any enabled interrupt 
will cause PCON.O to be cleared by 
hardware, terminating Idle mode. The 
interrupt is serviced, and following the 
return-from-interrupt instruction RETI, the 
next instruction to be executed will be the one 
which follows the instruction that wrote a logic 
1 to PCON.O. 

Flag bits GFO and GF1 may be used to 
determine whether the interrupt was received 
during normal execution or during Idle mode. 
For example, the instruction that writes to 
PCON.O can also set or clear one or both flag 
bits. When Idle mode is terminated by an 


interrupt, the service routine can examine the 
status of the flag bits. 

The second method of terminating the Idle 
mode is with an external hardware reset, or 
an internal reset caused by an overflow of 
Timer T3. Since the oscillator is still running, 
the hardware reset is required to be active for 
two machine cycles (24 oscillator periods) to 
complete the reset operation. 

Reset redefines all SFRs, but does not affect 
the on-chip RAM. 

In the Power-down mode, Vqd niay be 
reduced to minimize power consumption. 
However, the supply voltage must not be 
reduced until Power-down mode is active, 
and must be held active until the oscillator 
has restarted and stabilized. 

The status of the external pins during Idle 
and Power-down mode is shown in Table 2. If 
the Power-down mode is activated whilst 
accessing external memory, port data held in 
the Special Function Register P2 is restored 
to Port 2. If the data Is a logic 1 , the port pin 
is held HIGH during the Power-down mode 
by the strong pull-up transistor pi (see Figure 
4(a)). 


1 .5 l^C Bus Serial I/O 

The serial port supports the twin line I^C-bus. 
The I^C-bus consists of a data line (SDA) and 
a clock line (SCL). These lines also function 
as I/O port lines PI. 7 and PI. 6 respectively. 
The system is unique because data transport, 
clock generation, address recognition and 
bus control arbitration are ail controlled by 
hardware. The I^C-bus serial I/O has 
complete autonomy in byte handling and 
operates in four modes: 

• Master transmitter 

• Master receiver 

• Slave transmitter 

• Slave receiver 

These functions are controlled by the SI CON 
register. S1STA is the status register whose 
contents may also be used as a vector to 
various service routines. SI DAT is the data 
shift register and SI ADR the slave address 
register. Slave address recognition is 
performed by hardware. 
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Table 2. Status of the External Pins during Idle and Power-down Modes 


MODE 

MEMORY 

ALE 

P5ER 

PORTO 

PORT1 

PORT 2 

PORTS 

PORT 4 

PWMO 

ldle(1) 

Internal 

1 

1 

1 Port data 

Port data 

Port data 

Port data 

Port data 

Active 

ldle(1) 

External 

1 

1 

Floating 

Port data 

Address 

Port data 

Port data 

Active 

Power-down 

Internal 

0 

0 

Port data 

Port data 

Port data 

Port data 

Port data 

HIGH 

Power-down 

External 

0 

0 

Floating 

Port data 

Port data 

Port data 

Port data 

HIGH 


EXTERNAL INTERRUT 



DELAY COUNTER 
1536 PERIODS 


Figure 11. Wake-up Operation 


ARBITRATION LOGIC 


I SLAVE ADDRESS |GC 
SI ADR 

1 SHIFT REGISTER 

SI DAT 


BUS CLOCK GENERATOR 


7 6 5 4 3 210 


7 6 5 4 3 210 


Figure 12. Serial I/O 
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Serial Control Register SI CON 
(D8H) 


CR2 

ENS1 

STA 

STO 

SI 

AA 

CR1 

CRO 


CRO, CR1, CR2 These three bits determine the serial clock frequency when SIO is in a master mode. See table 3. 

AA Assert acknowledge bit. When the AA flag is set, an acknowledge (low level to SDA) will be returned during the 

acknowledge clock pulse on the SCL line when: 

• own slave address is received 

• general call address is received (S1ADR.0=1) 

• data byte received while device is programmed as master 

• data byte received while device is a selected slave 

With AA = 0, no acknowledge will be returned. Consequently, no interrupt is requested when the "own slave address” or 
general call address is received. 

SI SIO interrupt flag. When the S1 flag is set. an acknowledge is returned after any one of the following conditions: 

• a start condition is generated in master mode 

• own slave address received during AA = 1 

• general call address received while S1 ADR.O and AA = 1 

• data byte received or transmitted in master mode (even if arbitration is lost) 

• data byte received or transmitted as selected slave 

• stop or start condition received as selected slave receiver or transmitter 

STO STOP flag. With this bit set while in master mode a STOP condition is generated. When a STOP condition is detected on 

the bus, the SIO hardware clears the STO flag. In the slave mode, the STO flag may also be set to recover from an error 
condition. In this case no STOP condition is transmitted to the I^C-bus. However, the SIO hardware behaves as if a STOP 
condition has been received and releases SDA and SCL. The SIO frien switches to the "not addressed” slave receiver 
mode. The STO flag is automatically cleared by hardware. 

STA START flag. When the STA bit is set in slave mode, the SIO hardware checks the status of the I^C-bus and generates a 

START condition if the bus is free. If STA is set while the SIO is in master mode, SIO transmits a repeated START 
condition. 

ENSI When ENS1 = 0, the SIO is disabled. The SDA and SCL outputs are In a high-impedance state; P1 .6 and PI .7 function 

as open drain ports.When ENS = 1, the SIO Is enabled. The PI. 6 and P1.7 port latches must be set to logic 1. 


Tabie 3. SCL Frequency 


CR2 

CR1 

CR2 

fosc Divided By 

Bit Rate (kHz) at fosc 

3.58MHz 

6 MHz 

12MHz 

0 

0 

0 

256 

14.0 

23.4 

46.9 

0 

0 

1 

224 

16.0 

26.8 

53.6 

0 

1 

0 

192 

18.6 

31.3 

62.5 

0 

1 

1 

160 

22.4 

37.5 

75.0 

1 

0 

0 

960 

3.73 

6.25 

12.5 

1 

0 

1 

120 

29.8 

50 

100 

1 

1 

0 

60 

59.7 

100 

- 

1 

1 

1 

not allowed 

- 

- 

- 
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Status Register SISTA (D9H) 


SC4 

SC3 

SC2 

SCI 

SCO 


z 

z 


SISTA is an 8-bit read-only special function 
register. S1STA.3-S1STA.7 hold a status 
code. S1STA.0-S1$TA.2 are held LOW. The 
contents of S1STA may be used as a vector 
to a service routine. This optimizes response 
time of the software and consequently that of 
the |2C-bus. 

The following is a list of the status code: 

Abbreviations used: 


SLA: 

7-bit slave address 

R: 

Read bit 

W: 

Write bit 

AC KNOT: Acknowlegement 

(acknowledge bit = 0) 

ACK: 

Not Acknowledge 
(acknowledge bit = 1) 

DATA: 

8-bit byte to or from the I^C 
bus 

MST: 

Master 

SLV: 

Slave 

TRX: 

Transmitter 

REC: 

Receiver 

MST/TRX Mode 

SISTA Value 

08H 

A START condition has been 
transmitted 

10H 

A repeated START condition has 
been transmitted 

18H 

SLA and W have been transmitted, 
ACKNOT received 

28H 

DATA of SI DAT has been 
transmitted, ACK received 

30H 

DATA of SI DAT has been 
transmitted, ACKNOT received 

38H 

Arbitration lost in SLA, R/W or 
DATA 


MST/REC Mode 

SISTA Value 


38H 

Arbitration lost while returning 
ACKNOT 

40H 

SLA and R have been 
transmitted, ACK received 

48H 

SLA and R have been 
transmitted, ACKNOT 
received 

50H 

DATA has been received, 

ACK returned 

58H 

DATA has been received, 
ACKNOT returned 


SLV/REC Mode 
S1STA Value 


60H 

Own SLA and W have been 
received, ACK returned 

68H 

Arbitration lost in SLA, RW as 
MST Own SLA and W have 
been received, ACK returned. 

70H 

General Call has been 
received, ACK returned 

78H 

Arbitration lost in SLA, RW as 
MST. General Call has been 
received. 

80H 

Previously addressed with 
own SLA. DATA byte 
received, ACK returned. 

88H 

Pre\^ously addressed with 
own SLA. DATA byte has 
been received, ACKNOT has 
been returned. 

90H 

Previously addressed with 
General Call. DATA byte has 
been received, ACK has 
been returned. 

98H 

Previously addressed with 
General Call. DATA byte has 
been received, ACKNOT has 
been returned. 

AOH 

A STOP condition or 
repeated START condition 
has been received while still 
addressed as SLV/REC or 
SLV/TRX. 

SLV/TRX Mode 

SISTA Value 

A8H 

Own SLA and R have been 
received, ACK returned 

BOH 

Arbitration lost in SLA, R/W 
as MST. Own SLA and R 
have been received, ACK 
returned. 

B8H 

DATA byte has been 
transmitted, ACK received. 

COH 

DATA byte has been 
transmitted, ACKNOT 
received. 

C8H 

Last data byte has been 
transmitted (AA = logic 0), 
ACK received. 

Miscellaneous 

SISTA Value 

OOH 

Bus error during MST mode 
or selected SLV mode, due to 
an erroneous START or 

STOP condition. 
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Data Shift Register SI DAT (PAH) 

7 6 5 4 3 2 1 0 


This register contains the serial data to be 
transmitted or data that has just been 
received. Bit 7 is transmitted or received first; 
i.e. data is shifted from left to right. 

Own Address Register S1 ADR 
(DBH) 

This 8-bit register may be loaded with the 
7-bit address to which the controller will 
respond when programmed as a slave 
receiver/transmitter. The LSB bit (GC) is used 
to determine whether the general CALL 
address is recognized. 

SIADR.O.GC: 0 = general CALL address 
is not recognized. 

1 = general CALL is 
recognized. 

S1ADR.7 - 1 ; own slave address 

1 .6 Standard serial interface 
SlOO: UART 

This serial port is full duplex, meaning it can 
transmit and receive simultaneously. It is also 
receive-buffered, meaning It can commence 
reception of a second byte before a 
previously received byte has been read from 
the register. (However, if the first byte still 
hasn’t been read by the time reception of the 
second byte is complete, one of the bytes will 
be lost). The serial port receive and transmit 
registers are both accessed at Spedal 
Function Register SOBUF. Writing to SOBUF 
loads the transmit register, and reading 
SOBUF accesses a physically separate 
receive register. 

The serial port can operate in 4 modes: 

Mode 0: Serial data enters and exits through 
RxD. TxD outputs the shift clock. 8 bits are 
transmitted/received (LSB first). The baud is 
fixed at 1/12 the oscillator frequency. 

Mode 1:10 bits are transmitted (through 
TxD) or received (through RxD): a start bit 
(0), 8 data bits (LSB first), and a stop bit (1 ). 
On receive, the stop bit goes into RB8 in 
Special Function Register SCON. The baud 
rate is variable. 
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Mode 2: 11 bits are transmitted (through 
TxD) or received (through RxD); start bit (0), 

8 data bits (LSB first), a programmable 9th 
data bit, and a stop bit (1). On Transmit, the 
9th data bit (TBS In SCON) can be assigned 
the value of 0 or 1 . Or, for example, the parity 
bit (P, in the PSW) could be moved into TBS. 
On receive, the 9th data bit goes into RB8 in 
Special Function Register SCON, while the 
stop bit is Ignored. The baud rate is 
programmable to either 1/32 or 1/64 the 
oscillator frequency. 

Mode 3: 11 bits are transmitted (through 
TxD) or received (through RxD): a start bit 
(0), 8 data bits (LSB first), a programmable 
9th data bit and a stop bit (1). In fact, Mode 3 
is the same as Mode 2 In all respects except 
Obaud rate. The baud rate in Mode 3 is 
variable. 

In all four modes, transmission is initiated by 
any instruction that uses SOBUF as a 
destination register. Reception is initiated in 
Mode 0 by the condition Rl = 0 and REN = 1 . 
Reception is Initiated in the other modes by 
the incoming start bit if REN = 1 . 

1 .6.1 Multiprocessor Communications 

Modes 2 and 3 have a special provision for 
multiprocessor communications, in these 
modes, 9 data bits are received. The 9th one 
goes into RB8. Then comes a stop bit. The 
port can be programmed such that when the 
stop bit is received, the serial port interrupt 
will be activated only if RB8 = 1 . This feature 
is enabled by setting bit SM2 in SCON. A 
way to use this feature in multiprocessor 
systems is as follows. 

When the master processor wants to transmit 
a block of data to one of several slaves, it first 
sends out an address byte which identifies 
the target slave. An address byte differs from 
a data byte in that the 9th bit is 1 in an 
address byte and 0 In a data byte. With SM2 
= 1 , no slave will be interrupted by a data 
byte. An address byte, however, will interrupt 
all slaves, so that each slave can examine 
the received byte and see if it is being 
addressed. The addressed slave will clear its 
SM2 bit and prepare to receive the data bytes 
that will be coming. The slaves that weren’t 
being addressed leave their SM2s set and go 
on about their business, ignoring the coming 
data bytes. 

SM2 has no effect in Mode 0, and in Mode 1 
can be used to check the validity of the stop 
bit. In a Mode 1 reception, if SM2 = 1, the 


receive interrupt will not be activated unless a 
valid stop bit is received. 

1 .6.2 Serial port control register 

The serial port control and status register is 
the Spedal Function Register SOCON, shown 
in Figure 13. The register contains not only 
the mode selection bits, but also ^e 9th data 
bit for transmit and receive (TBS and RB8), 
and the serial port interrupt bits (Tl and Rl). 

Baud Rates 

The baud rate in Mode 0 is fixed: Mode 0 
Baud Rate = Oscillator Frequency / 1 2. The 
baud rate in Mode 2 depends on the value of 
bit SMOD in Special Function Register 
PCON. If SMOD = 0 (which is the value on 
reset), the baud rate is 1/64 the oscillator 
frequency. If SMOD = 1. the baud rate is 1/32 
the oscillator frequency. 

Mode 2 Baud Rate = (2®'^°^/64)(Oscillator 
Frequency) 

The baud rates In Modes 1 and 3 are 
determined by the Timer 1 or Timer 2 
overflow rate. 

Using Timer 1 to generate baud rates 

When Timer 1 is used as the baud rate 
generator, the baud rates in Modes 1 and 3 
are determined by the Timer 1 overflow rate 
and the value of SMOD as follows: 

Modes 1 .3 Baud Rate = (2SMOD/32)(-nnier 1 
Overflow Rate) 

The Timer 1 interrupt should be disabled in 
this application . The Timer itself can be 
configured for either "timer" or "counter” 
operation, and in any of its 3 running modes. 
In most typical applications, it is configured 
for "timer operation, In the auto-reload mode 
(high nibble of TMOD = 001 OB). In that case 
the baud rate is given by the formula: 

Mode 1, 3 Baud Rate = {(2SMOD/32) x 
(Oscillator Frequency)} / (12 x (256 - (TH1)} 

One can achieve very low baud rates with 
Timer 1 by leaving the Timer 1 Interrupt 
enabled, and configuring the Timer to run as 
a 16-bit timer (high nibble of TMOD = 0001 B), 
and using the Timer 1 Interrupt to do a 16-bit 
software reload. Table 4 lists various 
commonly used baud rates and how they can 
be obtained from Timer 1. 

Using Timer 2 to generate baud rates 

Timer 2 is selected as the baud rate 
generator by setting RTCLK in T2CON 
(Figure 14). 
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The baud rate generator mode is similar to 
the auto-reload mode, in that a rollover in 
TH2 causes the Timer 2 registers to be 
reloaded with the 16-blt value in registers 
RCAP2H and RCAP2L, which are preset by 
software. 

Now, the baud rates In Modes 1 and 3 are 
determined by Timer 2’s overflow rate as 
follows: 

Modes 1 ,3 Baud Rate = (Timer 2 Overflow 
Rate) / 16 

The Timer 2 can be configured for either 
"timer” or "counter” operation. In the most 
typical applications, it is configured for "timer" 
operation (C/T2 = 0 ). "Timer” operation is a 
little different for Timer 2 when it’s being used 
as a baud rate generator. Normally, as a timer 
is would increment every machine cycle (thus 
at 1/1 2 the oscillator frequency). As a baud 
rate generator, however, it increments every 
state time (thus at 1/2 the oscillator 
frequency). In that case the baud rate is 
given by the formula. 

Modes 1 ,3 Baud Rate = (Oscillator 
Frequency) / {32 x (65536 - (RCAP2H, 
RCAP2L)) 

where (RCAP2H, RCAP2L) is the content of 
RCAP2H and RCAP2L taken as a 16-bit 
unsigned integer. 

Note that a rollover does not set TF2, and will 
not generate an interrupt. Therefore, the 
Timer 2 interrupt does not have to be 
disabled when Timer 2 is in the baud rate 
generator mode. Note too, that if EXEN2 is 
set, a 1-to-O transition in T2EX will set EXF2 
but will not cause a reload from (RCAP2H, 
RCAP2L) to (TH2. TL2). Thus when Timer 2 
is in use as a baud rate generator, T2EX can 
be used as an extra external interrupt, if 
desired. 

It should be noted that when Timer 2 is 
running (TR2 = 1 ) in "timer” function in the 
baud rate generator mode, one should not try 
to read or write TH2 or TL2. Under these 
conditions the Timer is being incremented 
every state time, and the results of a read or 
write may not be accurate. The RCAP 
registers may be read, but shouldn’t be 
written to, because a write might overlap a 
reload and cause write and/or reload errors. 
Turn the Timer off (clear TR2) before 
accessing the Timer 2 or RCAP register, in 
this case. 


December 1 992 


320 




Philips Semiconductors Microcontroller Products 


Objective specification 


Low-voltage single-chip 8-bit microcontroller 80CL580/83CL580 


MSB 


SMO 

SMI 

SM2 

REN 

TBS 

RBS 

Tl 

RiJ 


Where SMO, SM1 specify the serial port mode, as follows: 


SMQ..SM1 ■ MODE . DiS C R I P TIQN. 


0 0 0 

0 1 1 

1 0 2 

1 1 3 


Shift register 

8- bit UART 

9- bit UART 

9-bit variable UART 


BAUD RATE 

fosc / 1 2 
variable 

fosc / 64 or fosc / 32 


SM2 enables the multiprocessor communication feature in Modes 2 
and 3. In Mode 2 or 3, if SM2 is set to 1 then R1 will not be activated if 
tfie received ninth data bit (RB8) is 0. In Mode 1, if SM2=1 then R1 will 
not be activated if a valid stopbit was not received. In Mode 0, SM2 
should be 0. 

REN enables serial reception. Set by software to enable reception. 
Clear by software to disable reception. 

TBS is the ninth data bit that will be transmitted in Modes 2 and 3. 
Set or clear by software as desired. 

RB8 in Modes 2 and 3, is the ninth data bit that was received. In 
Mode 1 , if SM2=0, RB8 is the stop bit that was received. In Mode 0, 
RB8 is not used. 

Tl is transmit interrupt flag. Set by hardware at the end of the 
eighth bit time in Mode 0, or at the beginning of the stop bit in the other 
modes, in any serial transmission. Must be cleared by software. 

Rl is receive interrupt flag. Set by hardware at the end of the 8th 
bit time in Mode 0, or halfway through the stop bit time in the other 
modes, in any serial receoption (except see SM2). Must be cleared by 
software. 


Figure 13. Serial Port Control (SCON) Register 


Table 4. Timer 1 Generated Commonly Used Baud Rates 


BAUD RATE 

fosc 

SMOD 

C/T 

TIMER 1 MODE 

RELOAD VALUE 

Mode 0 Max; 1 MHz 

12MHz 

X 

X 

X 

X 

Mode 2 Max; 375K 

12MHz 

1 

X 

X 

X 

Mode 1 . 3: 62.5K 

12MHz 

1 

0 

2 

FFH 

19.2K 

11.059MHz 

1 

0 

2 

FDH 

9.6K 

11.059MHz 

0 

0 

2 

FDH 

4.8K 

11.059MHz 

0 

0 

2 

FAH 

2.4K 

11.059MHz 

0 

0 

2 

F4H 

1.2K 

11.059MHz 

0 

0 

2 

E8H 

137.5K 

11.986MHz 

0 

0 

2 

1DH 

110K 

6MHz 

0 

0 

2 

72H 

110K 

12MHz 

0 

0 

1 

FEEBH 
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1 .7 Interrupt system 

External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronous to execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution, a multiple-source, 
two-priority-level, nested Interrupt system is 
provided. The 83CL580 acknowledges 
interrupt requests from fifteen sources as 
follows: 

• INTO through INT8 

• Timer 0, Timer 1 , and Timer 2 

• Pc bus serial I/O 
•UART 

•ADC 

Each interrupt vectors to a separate location 
in program memory for its service routine. 


Each source can be individually enabled or 
disabled by corresponding bits in the Interrupt 
Enable Registers (IE, lEO). The priority level 
is selected via the Interrupt Priority register 
(IPO, IP1). All enabled sources can be 
globally disabled or enabled. 

1 .7.1 External interrupts INT2/INT9 
Port 1 lines serve an alternative purpose as 
seven additional interrupts INT2 to I NTS. 
When enabled, each of these lines may 
”wake-up" the device from Power-down 
mode. Using the 1X1 register, each pin may 
be initialized to either active HIGH or LOW. 
IRQ1 is the interrupt request flag register. 
Each flag, if the interrupt is enabled, will be 
set on an interrupt request but must be 
cleared by software, i.e. via the interrupt 
software or when the interrupt is disabled. 

A tow-priority interrupt can be interrupted by a 
high-priority Interrupt, but not by another 


low-priority Interrupt. A high-priority interrupt 
can’t be interrupted by any other interrupt 
source. If two interrupt requests of different 
priority levels are received simultaneoulsy, 
the request of higher priority level is serviced. 
If interrupt requests of the same priority level 
are received simultaneously, an Internal 
polling sequence determines which request is 
serviced. Thus within each priority level there 
is a second priority structure determined by 
the polling sequence (see Figure 19). 

The port 1 interrupts are level sensitive. A 
port 1 interrupt will be recognized when a 
level (HIGH or LOW depending on Interrupt 
Polarity Register 1X1) on P1x is held active 
for at least one machine cycle. The Interrupt 
Request is not served until the next machine 
cycle. 
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OInterrupt Enable Register lENO, 
IEN1 


EA 

ET2 

ESI 

ESO 

ETI 

EXI 

ETO 

EXO 


fill SYMBOL FUNCIIQN 


IEN0.7 

EA 

General enable/ 
disable control 

0 = no interrupt is 
enabled; 

1=any individually 
enabled interrupt will 
be accepted 

IEN0.6 

ET2 

Enable T2 interrupt 

IEN0.5 

ESI 

Enable I^C interrupt 

IEN0.4 

ESO 

Enable UART SIO 
interrupt 

IEN0.3 

ETI 

Enable Timer T1 
interrupt 

IEN0.2 

EXI 

Enable external 
interrupt 1 

IEN0.1 

ETO 

Enable Timer TO 
interrupt 

lENO.O 

EXO 

Enable external 
interrupt 0 


Interrupt Priority Register 
IPO, IP1 


IPO (B8H) [ 

- |PT2|PSl| 

PSOjPTl |PXl|PT0|PX0 

fill 

SYMBOL 

FUNCTION 

IP0.7 

- 

Unused 

IP0.6 

PT2 

Timer 2 interrupt 
priority level 

IP0.5 

PS1 

I^C interrupt priority 
level 

IP0.4 

PSO 

UART SIO interrupt 
priority level 

IP0.3 

PT1 

Timer 1 interrupt 
priority level 

IPO. 2 

PX1 

External interrupt 1 
priority level 

IP0.1 

PTO 

Timer 0 interrupt 
priority level 

IPO.O 

PXO 

External interrupt 0 
priority level 


lENl (EaH]| ESD| 


IP1 (F8H) 


PX9 

PX8 

PX7 

PX6 

PX5 

PX4 

PX3 

PX2 


Bil 

SYMBOL 

FUNCTION 

IEN1.7 

EXO 

Enable EAC 
interrupt 

IEN1.6 

EX8 

Enable external 
interrupt 8 

IEN1.5 

EX7 

Enable external 
interrupt 7 

IEN1.4 

EX6 

Enable external 
interrupt 6 

IEN1.3 

EX5 

Enable external 
interrupt 5 

IEN1.2 

EX4 

Enable external 
interrupt 4 

IEN1.1 

EX3 

Enable external 
interrupt 3 

IEN1.0 

EX2 

Enable external 
interrupt 2 


fill 

SYMBOL 

FUNCTION 

IP1.7 

PADC 

ADC interrupt prior- 
ity level 

IP1.6 

PX8 

External interrupt 8 
priority level 

IP1.5 

PX7 

External interrupt 7 
priority level 

IP1.4 

PX6 

External inteirupt 6 
priority level 

IP1.3 

PX5 

External Interrupt 5 
priority level 

IP1.2 

PX4 

External interrupt 4 
priority level 

IP1.1 

PX3 

External Interrupt 3 
priority level 

IP1.0 

PX2 

External Interrupt 2 
priority level 


where 0 = interrupt disabled 
1 = interrupt enabled 


Interrupt priority is as follows; 

0 = low priority 

1 = high priority 


Interrupt Polarity Register 
1X1 


□ 

IL8 

IL7 

IL6 

ILS 

iU 

ILS 

IL2 


Writing either a “1 ” or “0" to an 1X1 register bit 
sets the polarity level of the corresponding 
external Interrupt to active HIGH or LOW 
respectively. 


fill 

SYMBOL 

FUNCTION 

1X1.7 

IL9 

Unused 

1X1.6 

ILS 

External interrupt 8 
polarity level 

1X1.5 

IL7 

External interrupt 7 
polarity level 

1X1.4 

IL6 

External interrupt 6 
polarity level 

1X1.3 

ILS 

External interrupt 5 
polarity level 

1X1.2 

IL4 

External interrupt 4 
polarity level 

1X1.1 

IL3 

External interrupt 3 
polarity level 

1X1.0 

IL2 

External interrupt 2 
polarity level 


Interrupt Request Flag Register 
IRQ1 


BIT 

SYMBOL 

FUNCTION 

IRQ1.7 

IQ9 

Unused 

IRQ1.6 

IQS 

External interrupt 8 
request flag 

IRQ1.5 

IQ7 

External interrupt 7 
request flag 

IRQ1.4 

IQ6 

External interrupt 6 
request flag 

IRQ1.3 

IQS 

External interrupt 5 
request flag 

IRQ1.2 

IQ4 

External Interrupt 4 
request flag 

IRQ1.1 

IQS 

External interrupt 3 
request flag 

IRQ1.0 

IQ2 

External interrupt 2 
request flag 


loe 

IQ7 

106 

IQS 

104 

103 

102 
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1 .7.2 Interrupt vectors 


(highest) 

Veptpr 

Source 

XO 

0003H 

external/0 

S1 

002BH 

I^C port 

X5 

0053H 

external 5 

TO 

OOOBH 

timer 0 

T2 

0033H 

timer 2 

X6 

005BH 

external 6 

XI 

0013H 

external 1 

X2 

003BH 

external 2 

X7 

0063H 

external 7 

T1 

001 BH 

timer 1 

X3 

0043H 

external 3 

X8 

006BH 

external 8 

SO 

0023H 

UART 

X4 

004BH 

external 4 

X9 

0073H 

ADC 


(lowest) 

INTERRUPT PRIORITY 
Each interrupt priority source can be set to 
either high or low priority. If both priorities are 
requested simultaneously, the controller will 
branch to the high priority vector. 

A low priority interrupt can only be interrupted 
by a high priority interrupt. A high priority 
interrupt routine cannot be interrupted. 

1 .7.3 Related registers 

The following registers are used in 
conjunction with the interrupt system: 


REGISTER FUNCTION SFR 

ADDRESS 

1X1 Interrupt polarity 

register E9H 

IRQ1 Interrupt request COM 

flag register 

lENO Interrupt enable ASH 

register 

IEN1 Interrupt enable E8H 

i^gter (INT2-INT8, 

IPO Interrupt priority B8H 

register 

1P1 Interrupt priority F8H 

register (rNT2-lNT8, ADC) 

1 .8 Oscillator circuitry 

The on-chip oscillator circuitry of the 
83CL580 is a single-stage inverting amplifier 
biased by an internal feedback resistor 
(Figure 21). For operation as a standard 
quartz oscillator, no external components are 
needed, except at 32 kHz. When using 
external capacitors, ceramic resonators, coils 
and RC networks to drive the oscillator, five 
different configurations are supported (see 
Figure 22 and oscillator options). 

In the Power-down mode the oscillator Is 
stopped and XTAL1 is pulled HIGH. The 
oscillator Inverter Is switched off to ensure no 
current will flow regardless of the voltage at 


XTAL1 . To drive the device with an external 
clock source, apply the external clock signal 
to XTAL1, and leave XTAL2 to float, as 
shown in Figure 18(f). There are no 
requirements on the duty cycle of the external 
clock, since the Input to the internal clocking 
circuitry is buffered by a flip-flop. 

The following options are provided for 
optimum on-chip oscillator performance. 
Please state option when ordering. 

1.8.1 Oscillator options (see Figure 22} 

32kHz: Fig. 22(c). An option for 32 kHz 
clock applications with external 
trimmer for frequency adjustment. A 
4.7 Mn bias resistor is needed for 
use in parallel with the crystal. 

Osc 2: Fig. 22(e): An option for low-power, 
low-frequency operations using LC 
components or quartz. 

Osc 3: An option for medium frequency 
range applications. 

Osc 4: An option for high frequency range 
applications. 

RC: Fig. 22(g). An option for an RC 

oscillator. 


Vdd 



Figure 21. Oscillator 
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STANDARD 

QUARTZ 

OSCILLATOR 




(A) 


CERAMIC 

RESONATOR 






QUARTZ 
OSCILLATOR 
WITH EXTERNAL] 
CAPAaTORS 


(B) 


LC-OSCILLATOR 




(D) 

(E) 

EXTERNAL 


RC-OSCILLATOR 

CLOCK 




XTALI I 
N.C. 


Vdd 

/h' 


(F) (G) 

Figure 22. Alternative Oscillator Configurations 



(C) 


OSCILLATOR TYPE SELECTION GUIDE 


RESONATOR 

f (MHz) 

OPTION 

Cl EXT. (pF) 

C2 EXT. (pF) 

MAX. RESONATOR 
SERIES RESISTANCE 

MIN 

MAX 

MIN 

MAX 

Quartz 

0.032 

32kHz 

5 

15 

0 

0 

6000 

Quartz 

1.0 

Osc.2 

0 

30 

0 

30 

1000 

Quartz 

3.58 

Osc.2 

0 

15 

0 

15 

750 

Quartz 

4.0 

Osc.2 

0 

20 

0 

20 

600 

Quartz 

6.0 

Osc.3 

0 

10 

0 

10 

600 

Quartz 

10.0 

Osc.4 

0 

15 

0 

15 

400 

Quartz 

12.0 

Osc.4 

0 

10 

0 

10 

200 

Quartz 

16.0 

Osc.4 

0 

15 

0 

15 

10O 

PXE 

0.455 

Osc.2 

40 

50 

40 

50 

1000 

PXE 

1.0 

Osc.2 

15 

50 

15 

50 

10O 

PXE 

3.58 

Osc.2 

0 

40 

0 

40 

10O 

PXE 

4.0 

Osc.2 

0 

40 

0 

40 

50 

PXE 

6.0 

Osc.2 

0 

20 

0 

20 

60 

PXE 

10.0 

Osc.3 

0 

15 

0 

15 

60 

PXE 

12.0 

Osc.4 

10 

40 

10 

40 

lOpH = 10 

LC 


Osc.2 

20 

90 

20 

90 

lOOpH = 50 

ImH = 750 


NOTES; 

2. 32kHz quartz crystals with a series resistance higher than 15kQ will reduce the guaranteed supply voltage range to 2.5 - 3.5V. 

3. The equivalent circuit data of the internal oscillator compares with that of matched crystals. 
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OSCILLATOR EQUIVALENT CIRCUIT PARAMETERS 


PARAMETER 

OPTION 

SYMBOL 

CONDITION 

MIN 

TYP 

MAX 

UNIT 

Transconductance 

32kHz 

Sm 

T=-»-25°C. Vdd = 4.5V 

— 

15 

— 

pS 

Osc.2 

9m 

T = +25°C, Vdd = 4.5V 

200 

600 

1000 

pS 

Osc.3 

9m 

T = -»-25‘’C, Vdd-4.5V 

400 

1500 

4000 

pS 

Osc.4 

9m 

T = +25°C, Vdd=4.5V 

1000 



pS 

Input capacitance 


Cli 


— 


— 

PF 

Osc.2 

C1i 


_ 

8.0 

— 

PF 

Osc.3 

C1i 


— 

8.0 

_ 

pF 

Osc.4 

Cli 


— 

8.0 

— 


Output capacitance 

32kHz 

C2i 


— 

23 

— 


Osc.2 

C2i 


- 

8.0 

— 


Osc.3 

C2i 


— 

8.0 

— 


Osc.4 

C2i 


— 

8.0 

— 

pF 

Output resistance 

32kH2 

R2 


— 


— 


Osc.2 

R2 


— 

65 

— 


Osc.3 

R2 


— 

18 

_ 


Osc.4 

R2 


— 

5.0 

— 
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1.8.3 RC Oscillator 

The externally adjustable RC-oscillator has a 
frequency range from 100 kHz to 500 kHz. 

1.9 Reset circuitry 

To initialize the 83CL580, a reset is 
performed by either of two methods: 

• via the RST pin 

• via a power-on-reset 


It leaves the internal registers as follows; 

Reoister 

Content 

ACC 

0000 0000 

ADCH 

1111 1111 

ACON 

XOOO 0000 

B 

0000 0000 

DPL 

0000 0000 

DPH 

0000 0000 

lENO 

0000 0000 

1EN1 

0000 0000 

IPO 

XOOO 0000 

IP1 

0000 0000 

1X1 

0000 0000 

IRQ1 

0000 0000 

PCH 

0000 0000 

PCL 

0000 0000 

PCON 

OXXO 0000 

P0-P4 

1111 1111 

PWMO 

0000 0000 

RCAP2H 

0000 0000 

RCAP2L 

0000 0000 

SOBUF 

XXXXXXXX 

SOCON 

0000 0000 

S1ADR 

0000 0000 

SI CON 

0000 0000 

S1DAT 

0000 0000 

S1STA 

1111 1000 

PSW 

0000 0000 

SP 

0000 0111 

TCON 

0000 0000 

T2CON 

0000 0000 

T3 

0000 0000 

THO, TH1,TH2 

0000 0000 

TLO, TL1,TL2 

0000 0000 

TMOD 

0000 0000 




400 

fosc 

(kHz) 















\ 
























” 0 2 4 f 

RC(n*) 

Figure 24. Frequency as a 
Function of RC 



The reset state of the port pins is 
mask-programmable and can therefore be 
defined by the user. The standard reset value 
for port P0-P4is 1111 1111. 

The reset input to the 83CL580 is the RST 
pin. A Schmitt trigger qualifies the input for 
noise rejection. The output of the Schmitt 
trigger is sampled by the reset circuitry every 
machine cycle. 

A reset is accomplished by holding the RST 
pin HIGH for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. The CPU responds by generating an 
internal reset. Port pins adopt their reset state 
immediately after RST goes HIGH. During 
reset ALE and PSEN are held HIGH. 

The external reset is asynchronous to the 
internal clock. The RST pin is sampled during 
State 5. Phase 2 of every machine cycle. 
After a HIGH is detected at the RST pin, an 


internal reset is repeated every cycle until 
RST goes LOW. The reset circuitry is also 
affected by the watchdog timer T3, see 
section 1 .3.2. 

The internal RAM is not affected by reset. 
When Vdd is turned on the RAM contents are 
Indeterminate. 

1.9.1 Power-on reset 

The 83CL580 contains on-chip circuitry which 
switch the port pins to the customer defined 
logic level as soon as Vdd exceeds 1 .3 V. As 
soon as the minimum supply voltage is 
reached, the oscillator will start up. However, 
to ensure that the oscillator Is stable before 
the controller starts, the clock signals are 
gated away from the CPU for a further 1536 
oscillator periods. During that time the CPU is 
held in a reset state. 

A hysteresis of approximately 50mV at a 
typical power-on switching level of 1.3 V will 
ensure correct operation. 

For applications not requiring the Internal 
reset, option ’OFF’ should be chosen. 

An automatic reset can be obtained at 
power-on by connecting the RST pin to Vdd 
via a 10 mF capacitor. At power-on, the 
voltage on the RST pin is equal to Vqd minus 
the capacitor voltage, and decreases from 
Vdd as the capacitor discharges through the 
internal resistor Rrst to ground. The larger 
the capacitor, the more slowly Vrst 
decreases. Vrst must remain above the 
lower threshold of the Schmitt trigger long 
enough to effect a complete reset. The time 
required is the oscillator start-up time, plus 2 
machine cycles. 


Vdd 



Figure 25. Reset Configuration at RST Pin 
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SWITCHING LEVEL 



PERIODS DELAY 


Figure 26. Power-on Reset Switching Level 



Figure 27. Recommended Power-on Reset Circuitry 
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2.0 INSTRUCTION SET 

The 83CL580 uses a powerful instruction set 
which permits the expansion of on-chip CPU 
peripherals and optimizes byte efficiency and 


execution speed. Assigned opcodes add new 
high-power operation and permit new 
addressing modes. The instruction set 
consists of 49 single-byte, 46 two-byte and 


16 three-byte instructions. When using a 12 
MHz osdilator, 64 instructions execute in 1 ps 
and 45 in 2 ps. Multiply and divide 
instructions execute in 4 ps. 


Table 5. Instruction Set Description 


MNEMONIC 

DESCRIPTION 

BYTES/ 

CYCLES 

OPCODE 

(HEX.) 

Arithmetic Operations | 

ADD 

A,Rr 

Add register to A 

1 

1 

2* 

ADD 

A.direct 

Add direct byte to A 

2 

1 

25 

ADD 

A.@Ri 

Add indirect RAM to A 

1 

1 

26. 27 

ADD 

A,#data 

ADD immediate data to A 

2 

1 

24 

ADDC 

A.Rr 

Add register to A with carry flag 

1 

1 

3* 

ADDC 

A, direct 

Add direct byte to A with carry flag 

2 

1 

35 

ADDC 

A,@R 

Add indirect RAM to A with carry flag 

1 

1 

36. 37 

ADDC 

A,#data 

Add immediate data to A with carry flag 

2 

1 

34 

SUBB 

A.Rr 

Subtract register from A with borrow 

1 

1 

9* 

SUBB 

A, direct 

Subtract direct byte from A with borrow 

2 

1 

95 

SUBB 

A,(s>Ri 

Subtract indirect RAM from A with borrow 

1 

1 

96. 97 

SUBB 

A,#data 

Subtract immediate data from A with borrow 

2 

1 

94 

INC 

A 

Increment A 

1 

1 

04 

INC 

Rr 

Increment register 

1 

1 

0* 

INC 

direct 

Increment direct byte 

2 

1 

05 

INC 

@R 

Increment indirect RAM 

1 

1 

06,07 

DEC 

A 

Decrement A 

1 

1 

14 

DEC 

Rr 

Decrement register 

1 

1 

1* 

DEC 

direct 

Decrement direct byte 

2 

1 

15 

DEC 

(2>R 

Decrement indirect RAM 

1 

1 

16,17 

INC 

DPTR 

Increment data pointer 

1 

2 

A3 

MUL 

AB 

Multiply A & B 

1 

4 

A4 

DIV 

AB 

Divide A by B 

1 

4 

84 

DA 

A 

Decimal adjust A 

1 

1 

D4 

Logic Operations | 

ANL 

A,Rr 

AND register to A 

1 

1 

5* 

ANL 

A, direct 

AND direct byte to A 

2 

1 

55 

ANL 

A,@Ri 

AND indirect RAM to A 

1 

1 

56,57 

ANL 

A.#data 

AND immediate data to A 

2 

1 

54 

ANI 

direct, A 

AND A to direct byte 

2 

1 

52 

ANL 

direct, #data 

AND immediate data to direct byte 

3 

2 

53 

ORL 

A.Rr 

OR register to A 

1 

1 

4* 

ORL 

A.direct 

OR direct byte to A 

2 

1 

45 

ORL 

A,<§)Ri 

OR indirect RAM to A 

1 

1 

46. 47 

ORL 

A,#data 

OR immediate data to A 

2 

1 

44 

ORL 

direct.A 

OR A to direct byte 

2 

1 

42 

ORL 

direct. #data 

OR immediate data to direct byte 

3 

2 

43 
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Table 5. Instmction Set Description (Continued) 


MNEMONIC 

DESCRIPTiON 

BYTES/ 

CYCLES 

OPCODE 

(HEX.) 

Logic Operations (continued) | 

XRL 

A.Rr 

Exdusive-OR register to A 

1 

1 

6* 

XRL 

A, direct 

Exclusive-OR direct byte to A 

2 

1 

65 

XRL 

A.@Ri 

Exclusive-OR indirect RAM to A 

1 

1 

66, 67 

XRL 

A.#data 

Exclusive-OR immediate data to A 

2 

1 

64 


direct, A 

Exclusive-OR to direct byte 

2 

1 

62 

XRL 

direct, #data 

Exclusive-OR immediate data to direct byte 

3 

2 

63 

CLR 

A 

Clear A 

1 

1 

E4 

CPL 

A 

Complement A 

1 

■■ 

F4 

RL 

A 

Rotate A left 

1 

m 

23 

RLC 

A 

Rotate A left through the carry flag 

1 

1 

33 

RR 

A 

Rotate A right 

1 

1 

03 

RRC 

A 

Rotate A right throught the carry flag 

1 

1 

13 

SWAP 

A 

Swap nibbles within A 

1 

1 

C4 

I Data Transfer | 

MOV* 

A,Rr 

Move register to A 

1 

1 

E* 

MOV 

A.direct 

Move direct byte to A 

2 

1 

E5 

MOV 

A@R 

Move indirect RAM to A 

1 

1 

E6, E7 

MOV 

A,#data 

Move immediate data to A 

2 

1 

74 

MOV 

Rr,A 

Move A to register 

1 

1 

F* 

MOV 


Move direct byte to register 

2 

2 

A* 

MOV 

Rr,#data 

Move immediate data to register 

2 

1 

T 

BSSHH 

direct.A 

Move A to direct byte 

2 

1 

F5 


direct, Rr 

Move register to direct byte 

2 

2 

8* 

MOV 

direct,direct 

Move direct byte to direct 

3 

2 

85 

MOV 

direct, (3) Ri 

Move indirect RAM to direct byte 

2 

2 

86. 87 

MOV 

direct, #data 

Move immediate data to direct byte 

3 

2 

75 

MOV 

<3>Ri,A 

Move A to indirect RAM 

1 

1 

F6, F7 


@Ri, direct 

Move direct byte to indirect RAM 

2 

2 



<2>Ri,#data 

Move immediate data to indirect RAM 

2 

1 

7^,77 


DPTR,#data16 

Load data pointer with a 1 6-bit constant 

3 

2 

90 


A,@A+DPTR 

Move code byte relative to DPTR to A 

1 

2 

93 


A.@A+PC 

Move code byte relative to PC to A 

1 

2 

83 


A,(§>Ri 

Move external RAM (8-bit address ) to A 

1 

2 

E3. E3 

bssshi 

A,(S>DPTR 

Move external RAM (16-bit address) to A 

1 

2 

EO 


@Ri.A 

Move A to external RAM (8-bit address) 

1 

2 



@DPTR,A 

MOV A to external RAM (16-bit address) 

1 

2 

mBm 


direct 

Push direct byte onto stack 

2 

2 

CO 

POP 

direct 

Pop direct byte from stack 

2 

2 

DO 


A.Rr 

Exchange register with A 

1 

1 

C* 


A,direct 

Exchange direct byte with A 

2 

1 

C5 
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Table 5. Instruction Set Description (Continued) 


MNEMONIC 

DESCRIPTION 

BYTES/ 

CYCLES 

OPCODE 

(HEX.) 

Data Transfer (continued) j 

XCH 

A,@Ri 

Exchange indirect RAM with A 

1 

_J 1 

C6, C7 

XCHD 

A.@Ri 

Exchange LOW-order digit indirect RAM with A 

1 

1 

D6. D7 

Boolean Variable Manipulation ] 

CLR 

C 

Clear carry flag 

1 

1 

C3 

CLR 

bit 

Clear direct bit 

2 

1 

C2 

SETB 

C 

Set carry flag 

1 

1 

D3 

SETS 

bit 

Set direct bit 

2 

1 

D2 

CPL 

C 

Complement carry flag 

1 

1 

B3 

CPL 

bit 

Complement direct bit 

2 

1 

B2 

ANL 

C.bit 

AND direct bit to carry flag 

2 

2 

82 

ANL 

cybit 

AND complement of direct bit to carry flag 

2 

2 

BO 

ORL 

C.bit 

OR direct bit to carry flag 

2 

2 

72 

ORL 

C,/bit 

OR complement of direct bit to carry flag 

2 

2 

AO 

MOV 

C.bit 

Move direct bit to carry flag 

2 

1 

A2 

MOV 

bit.C 

Move carry flag to direct bit 

2 

2 

92 

Program and Machine Control | 

ACALL 

addril 

Absolute subroutine call 

2 

2 

**1addr 


addri 6 

Long subroutine call 

3 

2 

12 

RET 


Return from subroutine 

1 

2 

22 

RETI 


Return from interrupt 

1 

2 

32 

AJMP 

addril 

Absolute jump 

2 

2 

***1addr 

LJMP 

addri 6 

Long jump 

3 

2 

02 

SJMP 

rel 

Short jump (relative address) 

2 

2 

80 

JMP 

(§>A+DPTR 

Jump indirect relative to the DPTR 

1 

2 

73 

JZ 

rel 

Jump if A is zero 

2 

2 

60 

JNZ 

rel 

Jump if A is not zero 

2 

2 

70 

JC 

rel 

Jump if carry flag is set 

2 

2 

40 

JNC 

rel 

Jump if no carry flag 

2 

2 

50 

JB 

bit, rel 

Jump if direct bit is set 

3 

2 

20 

JNB 

bit, rel 

Jump if direct bit is not set 

3 

2 

30 

JBC 

bit,rel 

Jump if direct bit is set and clear bit 

3 

2 

10 

CJNE 

A, direct, rel 

Compare direct to A and jump if not equal 

3 

2 

B5 

CJNE 

A,#data,rel 

Compare immediate to A and jump if not equal 

3 

2 

B4 

CJNE 

Rr.#data.rel 

Compare immediate to register and jump if not equal 

3 

2 

B* 


@Ri,#data,rel 

Compare Immediate to ind. and jump if not equal 

3 

2 



Rr.rel 

Decrement register and jump if not zero 

2 

2 

D* 


direct, rel 

Decrement direct and jump if not zero 

3 

2 

D5 

NOP 


No operation 

1 

1 

00 
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NOTES TO TABLE 5: 

Data addressing modes 

Rr Working register R0-R7. 

direct 1 28 internal RAM locations and any special function register (SFR). 

@Ri Indirect internal RAM location addressed by register RO or R1. 

#data 8-bit constant included in instruction. 

#data 16-bit constant included in Instruction, 

bit Direct addressed bit in internal RAM or SFR. 

addrie 16-bit destination address. Used by LCALL and LUMP. The branch will be anywhere within the 64K-byte program 
memory address space. 

addri 1 1 1 -bit destination address. Used by ACALL and AJMP. The branch will be within the same 2K-byte page of program 

memory as the first byte of the following instruction. 

rel Signed (two’s complement) 8-bit offset byte. Used by SMJP and all conditional jumps. Range is -1 28 to +1 28 bytes 

relative to first byte of the following instruction. 

Hexadecimal opcode cross-reference 
* 8, 9. A, B .C .D ,E ,F. 

** 11. 31, 51. 71, 91, B1, D1, FI. 

*** 01, 21 , 41, 61,81, A1. Cl, El. 
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DOTTED UNES 
ARE VAUD WHEN 
mJORWR 
ARE ACTIVE 


XTAL1 

INPUT 


ALE 


ONE MACHINE CYCLE 


SI 

Pi P2 


S4 

Pi P2 


S5 

Pi P2 


jirmjifinnnjuuuir^ 


ONE MACHINE CYCLE 


Si 

Pi P2| 


S3 

PI P2| 


S5 

PI P2I 



ONLY ACTIVE 
DURING A READ 
FROM EXTERNAL 
DATA MEMORY 
ONLY ACTIVE 
DURING A WRITE 
TO EXTERNAL 
DATA MEMORY 





L 


□ [ 

L_ 

1 ^ ^ I 


EXTERNAL 

PROGRAM 

MEMORY 

FETCH 


READ OR WRITE 
OF EXTERNAL 
DATA MEMORY 


WR 


BUS 

(PORTO) 




PORT 2 


r 


BUS 

(PORTO) 




V PORT 2 


PORT 0,2,3 
OUTPUT 


PORT1 

OUTPUT 



PORT 0,2.3 
INPUT 


PORT 1,4 
INPUT 


SERIAL 

PORT 

CLOCK 


SAMPUNG TIME OF I/O PORT PINS DURING INPUT 

n n 


Figure 28. Instruction Cycle Timing 
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3.0 RATINGS 

ABSOLUTE MAXIMUM RATINGS 

Limiting values in accordance with the Absolute Maximum System (lEC 134) 


SYMBOL 

PARAMETER 

LIMITS 

UNIT 

MIN 

MAX 

Vdd 

Supply voltage 

-0.5 

+6.5 

V 

V, 

All input voltages 

-0.5 

Vdd+0.5 

V 

h. b 

DC current into any input or output 

- 

5 

mA 

Ptot 

Total power dissipation 

- 

300 

mW 

Tstg 

Storage temperature range 

-65 

+150 

°C 

Tamb 

Operating ambient temperature range 

-40 

+85 

°C 


Operating junction temperature 

- 

125 

°C 
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Ipp 

Supply current: 


Operating (note 1) 


Idle mode (note 2) 

ipD 

Power-down mode (note 3) 

V|L 

Input voltage LOW (note 6) 

V,H 

Input voltage HIGH (note 6) 

loL 

Output sink current LOW, except SDA, SCL 


Output sink current, SDA, SCL 

-Iqh 

PWMO 


Output source current HIGH, push-pull options only 

-l|L 

Input current logic 0 

-Itl 

Input current logic 0, 1 -to-0 transition 

±k\ 

Input leakage current )prot 0, EA) 

Rrst 

RST pull-down resistor 

V|N 

Analog input voltage 


Vdd = 5V;Vol = 0.4V 
VpD = 2.5V; Vql = 0.4V 
VpD = 2.5V; VoL = 0.4V 
VpD = 5V: Vqh ^ VpD-0.4V 
Vpp = 2-5V; Vqh = Vdd-0.4V 
VpD = 5V; Vqh = Vpd-0.4V 
Vpp = 3V; Vqh - VpD-0-4V 
Vpp = 5V; V|n = 0.4V 
Vpp = 3 V;V|n^ 0.4V 
Vpp = 5V; V|N = Vqd/2 


Vpp = 3V; V|N = Vdd/ 2 
Vss < V| < Vpp 


Reference voltage 

Resistance between AAvref and AAyss 
Sampling time I 


Conversion time (incl. sample time) | 

Converstion-time: 24 inst. cycles (if bit ADCON.2 = 0) 

48 inst. cycles (if bit ADCON.2 = 1) 
Code: +/-1 LSB 

Absolute error: +/-1 LSB 

Full-scale error: +/-1 LSB 

Zero-offset error: +/-1 LSB 

Integral non-linearity; +/-1 LSB (note 8) 

Differential non-linearity; +/-1 LSB (note 7) 


Channel to channel variation; +/-1/2 LSB 
Repeatability; +/-1/2 LSB 

Temperature coeffident; 0.003 LSB/°C offset 

0.003 LSB/°C full scale 

Note: Analog input capadtance C|a max. 15 pF. 
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NOTES: 

1 . The operating supply current is measured with all output pins disconnected; XTAL 1 driven with V = tf = 10 ns; Vjl = Vss; V|h = Vqd ; XTAL2 
not connected.EA = RST + PORT 0 = Vdd- 

2. The idle mode supply current is measured with ail output pins disconnected: XTAL 1 driven with tr = tf = 10ns;V|L = Vss : V|h = Vqd : XTAL2 
is not connected; EA = PORT 0 = VDD. 

3. The power-down current is measured with all output pins disconnected; XTAL 1 notconnected; EA = PortO = Vdd: RST = Vss- 

4. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to besuperimposed on the LOW level output voltage of ALE, Port 1 
and Port 3 pins when these pins make a 1-to-O transition during bus operations. In the most adverse conditions (capacitive loading>100 pF) 
the noise pulse on the ALE line may exceed 0.8 V. In this event it may be required to qualify ALE with a Schmitt trigger, or use an address 
latch with a Schmitt trigger strobe input. 

5. Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALEand PSEN to momentarily fall below the 0.9% of 
Vdd specification when the address bits are stabilizing. 

6. The input threshold voltage of PI .6/SCL and PI .7/SDA meet the I^C-bus specification, soan input voltage below 0.3 Vqd will be recognized 
as a logic 0, while an input voltage above 0.7 Vdd will be recognized as a logic 1 . 

7. Differential non-linearity; maximum deviation of the actual code width from the averagecode width. 

8. Integral non-linearity; maximum deviation between the edges of the steps of the transfercurve and the edges of the steps of the ideal step 
curve. The ideal step curve follows the line of least squares. 
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5.0 AC CHARACTERISTICS 
AC ELECTRICAL CHARACTERISTICS 

Vdd = 5V; Vss = 0 V; Tamb = -40 to +85 °C: Cl = 50 pF for Port 0, ALE and PSEN; Cl = 40 pF for all other outputs unless otherwise specified. 


SYMBOL 

PARAMETER 

12MHz CLOCK 

VARIABLE CLOCK 

UNIT 

MIN 

MAX 

MIN 1 MAX 

Program Memory (see Figure 29) | 


ALE pulse duration 

127 

— 

2tcK-40 

— 

ns 

I3HH1 

Address set-up time to ALE 

43 

- 

tcK-40 

- 

ns 

QHl 

Address hold time after ALE 

48 

— 

tcK-35 

— 

ns 

BSHH 

Time from ALE to control pulse PSEN 

58 

— 

tcK-25 

— 

ns 

ebhh 

Time from ALE to valid instruction input 

— 


- 

4tcK-'IOO 

ns 


Control pulse duration PSEN 

215 



- 

ns 

ISflHI 

Time from PSEN to valid instruction input 

— 


— 

3tcK-125 

ns 


Input instruction hold time after PSEN 

0 

— 

0 

- 

ns 

ESHI 

Input instruction float delay after PSEN 

— 

63 

— 

tcK-20 

ns 

IQHH 

Address valid after PSEN 

75 

— 

tcK-8 


ns 

Uiv 

Address to valid instruction input 

— 

302 

— 

5tcK-‘H5 

ns 

tAFC 

Address float time to PSEN 

12 

— 

0 

— 

ns 


AC ELECTRICAL CHARACTERISTICS 

Vdd = 5V; Vss = OV; Tamb = -40°C to +85°C; Cl = 50pF for Port 0; ALE and PSEN, Cl = 40pF for all other outputs unless otherwise specified. 


SYMBOL 

PARAMETER 

12MH2 CLOCK 

VARIABLE CLOCK 

UNIT 

MIN 1 MAX 

MIN 1 MAX 

External Data Memory (see Figures 30 and 31) | 

tRR 

RD pulse duration 

400 

— 

61ck-100 

— 

ns 

BSHIH 

WR pulse duration 

400 

— 

6tcK-100 

— 

ns 


Address hold time after ALE 

48 

— 

tcK-35 

— 

ns 


RD to valid data input 

— 

150 

— 

5tcK-165 

ns 

iQj^Qniiii^iim 

Data float delay after RD 

— 

97 

— 

2tcK-70 

ns 

iiiQQimiiiiiiiii 

Time from ALE to valid data input 

— 

517 

~ 

3fcK-150 

ns 

iQiymiiiim 

Address to valid data input 

— 

585 

— 

9tcK-165 

ns 


Time from ALE to RD and WR 

|||^^|||[| 



3fcK+50 

ns 

Uw 

Time from address to RD or WR 

HSI 



_ 

ns 

fWHLH 

Time from RD or WR HIGH to 

ALE HIGH 

B 



tcK+40 

ns 

towx 

Data valid to WR transition 

23 

— 

tcK-60 

— 

ns 


Data set-up time before WR 

433 

- 

7tcK-150 

— 

ns 


Data hold time after WR 

33 

— 

tcK-50 

— 

ns 

tAFR 

Address float delay after RD 

- 

12 

— 

12 

ns 


NOTES: 

1 . Interfacing the PCF83C580 to devices with float times up to 75 ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 
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2 .0 CHARACTERISTIC CURVES 

0.9 Vqd 

0.7 vqd 0.7 Vdd 

0.4 Vdd 

TEST 


0.3 Vdd 


Figure 32. AC Testing Input Waveform 




Vdd(V) 


Figure 33. Input Current 


Figure 34. Frequency Operating Range 
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FEATURES 

• Full Static 80C51 CPU 

• 8-bit CPU, ROM, RAM, I/O in a single 
package 

• 16K X 8 ROM, expandable externally to 
64K bytes 

• 256 bytes RAM, expandable externally to 
64 K bytes 

• Four 8-bit ports, 32 I/O lines 

• Three 1 6-bit timer/event counters 

• External memory expandable up to 128K, 
external ROM up to 64K and/or RAM up to 
64K 

• On-chip oscillator suitable for RC, LC, 
quartz crystal or ceramic resonator 

• Fifteen source, fifteen vector interrupt 
structure with two priority levels 

• Full duplex serial UART 


• I^C bus interface for serial transfer on two 
lines. 

• Enhanced architecture with; 

- non-page oriented Instructions 

- direct addressing 

- four eight-byte RAM register banks 

- stack depth limited only by available 
internal RAM (max. 256 bytes) 

- multiply, divide, subtract and compare 
instructions 

• STOP and IDLE instructions 

• Wake-up via external interrupts at Port 1 

• Single supply voltage of 1.8V to 6.0V 

• Frequency range of 32kHz to 12MHz 

• Very low current consumption 

• Operating temperature range; -40 to +85°C 


GENERAL DESCRIPTION 

The 83CL781 is manufactured in an 
advanced CMOS technology. The instruction 
set of the 83CL781 is based on that of the 
8051 . The 83CL781 is an 8-bit general 
purpose microcontroller especially suited for 
cordless telephone applications. The device 
has low power consumption and a wide range 
of supply voltage. For emulation purposes, 
the 85CL781 (Piggy-back version) with 256 
bytes of RAM is recommended. The 
83CL781 has two software selectable modes 
of reduced activity for further power 
reduction; Idle and Power-down. The 
83CL781 also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
Instructions; 49 one-byte, 46 two-byte, and 
16 three-byte. 


ORDERING INFORMATION 


PHILIPS PART ORDER 
NUMBER PART MARKING 

PHIUPS NORTH AMERICA^ 
PART ORDER NUMBER 


ROM less 

ROM 

ROMIess 

ROM 

TEMPERATURE RANGE ®C 
AND PACKAGE 

FREQUENCY 

DRAWING 

NUMBER 

P80CL781HFP 

P83CL781HFP 

P80CL781 HF N 

P83CL781HFN 

-40 to +85 40-Pin Plastic DIP^ 

32KHzto 12MHz 

SOT129 

P80CL781HFH 

P83CL781HFH 

P80CL781HFB 

P83CL781HFB 

^0 to +85 44-Pin Plastic QFP2 

32KHzto 12MHz 

SOT205 


NOTES: 

1. DIP = Dual In-line Package 

2. QFP = Quad Flat Pack 

3. Parts ordered by the Philips North America part number will be marked with the Philips part marking. 
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PIN CONFIGURATIONS 


iNT 2 rr 2 /pi.o {T 


^ Vdd 

IMT3rr2EX P 1.1 |T 


^ PO.(VADO 

INT4/P1.2 |T 


^ P0.1/AD1 

INT5/P1.3 [T 


^ P0.2/AD2 

INT6/P1.4 [T 


^ P0.3/AD3 

INT7/P1.5 [T 


^ P0.4/AD4 

SCUINTePl.6 [T 


^ P0.5/AD5 

SOA/INT9P1.7 [T 


^ P0.&AD6 

RST [9 


^ P0.7/AD7 

Rx0/dataP3.0 [l0 

DUAL 

IN4JNE 

3l| EA 

TxD/clock P3.1 [« 

PACKAGE 

^ ALE 

INTD/P3.2 [« 


^ P’SEN 

INTT/P3.3 [13 


^ P2.7/A15 

T0/P3.4 [l4 


^ P2.6/A14 

T1/P3.5 


^ P2.5/A13 

WR/P3.6 


2|] P2.4/A12 

RD/P3.7 [17 


^ P2.3/A11 

XTAL2 [« 


^ P2.2/A10 

XTAL1 [19 


^ P2.1/A9 

Vss 1“ 


^ P2.0/A8 


P1.51NT7 jT 
P1.MNT8 [T 
P1.71NT9 U 
RST [£ 
P3.0/RXD/d»to [T 
NC [T 
P3.1/TXD/clock [T 
P3.24frro [|^ 
P3.3lFnT [l 
PZAfTO 
P3.5/T1 [iT 


ii ii 

a s: z z ^ 


8 s s s 

, <c < < < 


;= a 

S S 




PLASTIC QUAD 
FLAT PACK 


I ii ilfil 11 i 

s igs; 6 1 as! Ss s 


^ P0.4/AD4 
^ P0.5/ADS 
|l] P0.6/AD6 
^ P0.7/AD7 
2^ Of 
^ NC 

m ale 

^ PSEH 
H] P2.7/A15 
^ P2.6/A14 
^ P2.5/A13 
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PIN DESCRIPTION 


PIN 

DESIGNATION 

FUNCTION 

40 

P1.0/INT2/r2 

Port 1 : Port 1 is an 8-bit bidirectional I/O port with internal pullups. Port 1 pins that 

41 

PI .1/INT3T2EX 

have Is written to them are pulled HIGH by the internal pullups, and in that state 

42 

P1.2/INT4 

can be used as inputs. The Port 1 output buffer can sink/source 4 LS TTL bads. As 

43 

P1.3/INT5 

inputs, Port 1 pins that are externally pulled LOW will source current (In. in the 

44 

P1.4/INT6 

characteristics) due to the internal pullups. 

P1.5/INT7 

Port 1 also serves the alternative functions INT2 to INT9, and Timer T2 external 

1 

2 

3 

P1.6/INT8 

P1.7/INT9 

input. 

4 

RST 

Reset: A high level on this pin for two machine cycles while the oscillator is running 
resets the device. 

5. 7-13 

P3.0 - P3.7 

Port 3: Port 3 is an 8-blt bidirectional I/O port with internal pull-ups. The Port 3 
output buffers can sink/source 4 LS TTL Inputs. Port 3 pins that have Is written to 
them are pulled HIGH by the internal pull-ups, and In that state can be used as 

Inputs. As inputs. Port 3 pins that are externally pulled LOW will source current (I|l 
in the characteristics) due to the internal pull-ups. 

5 

P3.0/RxD/data 

RXD/data: serial port receiver data input (asynchronous) or data input/output 
(synchronous) 

7 

P3.1/TxD/clock 

TXD/clock: serial port transmitter data output (asynchronous) or clock output 
(synchronous) 

8 

P3.2/TN7U 

TNTD: external Interrupt 0. 

9 

P3.3/TNTT 

IRTT: external interrupt 1. 

10 

P3.4/T0 

TO: Timer 0 external input. 

11 

P3.5/T1 

T1 : Timer 1 external input. 

12 

P3.6/WR 

WR: external data memory write strobe. 

13 

P3.7/TID 

RD: external data memory read strobe. 

14 

XTAL2 

Crystal output; output of the inverting amplifier of the oscillator. Left open when 
external clock is used. 

15 

XTAL1 

Crystal input; input to the inverting amplifier of the oscillator, also the input for an 
externally generated clock source. 

16 

Vss 

Ground: drcuit ground potential. 

17 

Test / Vss 

Test input: must be connected to Vss or left open. 

18-25 

P2.0 - P2.7 

Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that 
have Is written to them are pulled HIGH by the internal pull-ups, and In that state 
can be used as inputs. The Port 2 output buffer can sink/source 4 LS TTL loads. 

Port 2 emits the high-order address byte during accesses to external memory that 
use 16-bit addresses (MOVX @DPTR). In this application it uses the strong internal 
pullups when emitting Is. During accesses to external memory that use 8-bit 
addresses (MOVX @Ri). Port 2 emits the contents of the P2 Special Function 

Register. 

26 

PSEN 

Program store enable output; read strobe to external program memory. When 
executing code out of external program memory, PSbN is activated twice each 
machine cycle. However, during each access to external data memory two PSbN 
activations are skipped. 

27 

ALE 

Address Latch Enable: output pulse for latching the low byte of the address during 
access to external memory. ALE Is emitted at a constant rate of 1/6 of the osdllator 
frequency, and may be used for external timing or clocking purposes. 

29 

EA 

External Access; When EA is held High tiie CPU executes out of internal program 
memory (unless the program counter exceeds OFFFH). Holding EA LOW forces the 
CPU to execute out of external memory regardless of the value of the program 
counter. 

30-37 

PO.O - P0.7 

Port 0; Port 0 is an 8-bit open drain bidirectional I/O port. As an open drain output 
port it can sink 8 LS TTL loads. Port 0 pins that have Is written to them float, and in 
that state will function as high impedance inputs. Port 0 is also the multiplexed low 
order address and data bus during access to external memory. In this application it 
uses strong internal pull-ups when emitting logic Is. 

38 

Vdd 

Power supply. 
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TO T1 IHTO IRTT 



® ALTERNATE FUNCTION OF PORT 0 
© ALTERNATE FUNCTION OF PORT 1 

§ ALTERNATE FUNCTION OF PORT 2 
ALTERNATE FUNCTION OF PORT 3 


POWER 

SUPPLY 


Vdd 


Vss^ 


1 .0 FUNCTIONAL DESCRIPTION 
General 

The 83CL781 is a stand-alone 
high-performance CMOS microcontroller 
designed for use in real-time applications 
such as instrumentation, industrial control, 
intelligent computer peripherals and 
consumer products. 

The device provides hardware features, 
architectural enhancements and new 
instructions to function as a controller for 
applications requiring up to 64K bytes of 
program memory and/or up to 64K bytes of 
data storage. 

The 83CL781 contains a non-volatile 1 6K 
byte X 8 read-only program memory; a static 
256 byte x 8 read/write data memory; 32 I/O 
lines; three 16-blt timer/event counters; a 


fifteen-source two priority-level, nested 
interrupt structure and on-chip oscillator and 
timing circuit. 

The device has two software selectable 
modes of reduced activity for power 
reduction; IDLE and Power-down. The Idle 
mode freezes the CPU while allowing the 
RAM, timers, serial I/O and interrupt system 
to continue functioning. The Power-down 
mode saves the RAM contents but freezes 
the oscillator causing all other chip functions 
to be inoperative. 

In addition, the device provides an I^C-bus 
serial I/O port witti byte oriented master and 
slave functions, which allows communication 
with the whole family of I^C-bus compatible 
ICs and a standard UART serial interface. 


CPU timing 

A machine cycle consists of a sequence of 6 
states. Each state time lasts for two oscillator 
periods, thus a machine cycle takes 12 
oscillator periods or 1 ps if the oscillator 
frequency is 12 MHz. 

1 .1 Memory organization 

The 83CL781 has a 16K Program Memory 
(ROM) plus 256 bytes of Data Memory 
(RAM) on board. The device has separate 
address spaces for Program and Data 
Memory (see Figure 1). Using Ports PO and 
P2, the 83CL781 can address up to 64K 
bytes of external memory. The CPU 
generates both read and write signals (TTD 
and WH) for external Data Memory accesses. 
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and the read strobe (PSEN) for external 
Program Memory. 

1 .1.1 Program Memory 

The 83CL781 contains 16K bytes of internal 
ROM. After reset the CPU begins execution 
at location OOOOH. The lower 16K bytes of 
Program Memory can be Implemented in 
either on-chip ROM or external Memory. If 
the EA pin is strapped to Vqd. then program 
memory fetches from addresses OOOH 
through 3FFFH are directed to the internal 
ROM. Fetches from addresses 4000H 
through FFFFH are directed to external ROM. 


Program counter values greater than 3FFFH 
are automatically addressed to external 
memory regardless of the state of the FA pin. 

1 .1.2 Data Memory 

The 83CL781 contains 256 bytes of internal 
RAM and 38 Special Function Registers 
(SFR). Figure 1 shows the internal Data 
Memory space divided into the Lower 128, 
the Upper 128, and the SFR space. Internal 
RAM locations 0-127 are directly and 
indirectly addressable. Internal RAM 
locations 1 28-255 are only indirectly 
addressable. The special function register 


locations 128-255 are only directly 
addressable. 

1 .1.3 Special Function Registers 

The upper 1 28 bytes are the address 
locations of the SFRs. Figure 3 shows the 
Special Function Register (SFR) space. 
SFRs include the port latches, timers, 
peripheral control, serial I/O registers, etc. 
These registers can only be accessed by 
direct addressing. There are 128 bit 
addressable locations in the SFR address 
space (SFRs with addresses divisible by 
eight). 


FUNCTIONAL DIAGRAM 
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INTERNAL EXTERNAL 

(EA = 1) (EA = 0) 




PROGRAM MEMORY 


INTERNAL DATA MEMORY 


EXTERNAL 
DATA MEMORY 


Figure 1. Memory Map 


BIT-ADDRESSABLE SPACE 
(BIT ADDRESSES 0-7F) 


R7 

1 

1FH 

I 

RO 

18H 

H7 

1 

17H 

1 

RO 

10H 

R7 

1 

OFH 

1 

RO 

08H 

R7 

1 

07H 

1 

RO 

0 


4 BANKS OF 8 REGISTERS 
{R0-R7) 


Figure 2. The Lower 128 Bytes of Internal RAM 
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REGISTER 

MNEMONIC 


BIT ADDRESS 


DIRECT 

BYTE ADDRESS (HEX) 



SFRs CONTAINING 
DIRECTLY 

ADDRESSABLE BITS 


Figure 3. (b) Special Function Register Memory Map 
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1 .1.4 Addressing 

The 83CL781 has five methods for 
addressing source operands: 

• Register 

• Direct 

• Register-Indirect 

• Immediate 

• Base-RegIster-plus Index-Register-indirect 

The first three methods can be used for 
addressing destination operands. Most 
instructions have a "destination/source” field 
that specifies data type, addressing methods 
and operands involved. For operations other 
than MOVs, the destination operand is also a 
source operand. 

Access to memory addressing is as follows: 

• Registers in one of the four register banks 
through register, direct or indirect. 

• Internal RAM (256 bytes) through direct or 
register-indirect. 

• Special Function Register through Direct. 

• External data memory through 
Register-Indirect 

• Program memory look-up tables through 
Base-Register-plus index-Register-indirect. 


1 .2 I/O facilities 

1 .2.1 Ports 

The 83CL781 has 32 I/O lines treated as 32 
individually addressable bits or as four 
parallel 8-bit addressable ports. Port 0, 1 , 2 
and 3 perform the following alternate 
functions: 

• Port 0: provides the multiplexed low-order 
address and data bus for expanding the 
device with standard memories and 
peripherals. 

• Port 1 : (1) provides the inputs for the 
external interrupts INT2/ INT9; (2) External 
counter/capture of Timer 2; (3) I^C bus 

• Port 2: provides the high-order address 
when expanding the device with external 
program or data memory. 

• Port 3: pins can be configured individually 
to provide: (1 ) external Interrupt request 
inputs; (2) counter input; (3) control signals 
to read and write to external memories; and 
(4) UART input and output. 

To enable a Port 3 pin alternate function, the 
Port 3 bit latch in its SFR must contain a logic 
1. 

Each port consists of a latch (Special 
Function Registers PO to P3), an output 


driver and an Input buffer. Ports 1 ,2,3 have 
internal pull-ups. Figure 4(a) shows that the 
strong transistor p1 Is turned on for only 2 
oscillator periods after a O-to-1 transition In 
the port latch. When on, it turns on p3 (a 
weak pull-up) through the inverter. This 
Inverter and p3 form a latch which hold the 1 . 
In Port 0 the pull-up p1 is only on when 
emitting 1 s for external memory access. 
Writing a 1 to a Port 0 bit latch leaves both 
output transistors switched off so the pin can 
be used as a high-impedance input. 

1 .2.2 Port Options 

Thirty of the 32 parallel port pins (excluding 
PI .6 and PI .7 with option ‘2S’ only) may be 
individually configured with one of the 
following options (see Figure 4): 

Option 1 : Standard Port; quasi-bidirectional 
I/O with pull-up. The strong booster pull-up 
pi is turned on for two oscillator periods after 
a O-to-1 transition in the port latch (see Figure 
4(a)). 

Option 2: Open drain; quasi-bidirectional I/O 
with n-channel open drain output. Use as an 
output requires the connection of an external 
pull-up resistor (see Figure 4(c)). 


STRONG PULL-UP 


2 OSCILUTOR PERIODS 


FROM PORT 
LATCH 




INPUT DATA 


READ PORT PIN 


P2 






INPUT BUFFER 




STRONG PULL-UP 


(A) STANDARD 



\ +5V 



iMp, 1 



I/O 

FROM PORT 

J 1 

1 " 

PIN 

LATCH 


o ► 




FROM PORT 
LATCH 

T5-^ 


READ PORT PIN 


1^ 

n 


o<l-J 

INPUT 
BUFFER 


I/O 

PIN 


+5V 

h EXT. 

I I PULL- 


(B) PUSH-PULL 


(C) OPEN-DRAIN 


Figure 4. Port Options 
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Option 3: Push-Pull; output with drive 
capability in both polarities. Under this option, 
pins can only be used as outputs (see Figure 
4(b)). 

External Memory Accesses 

Option 1 : True 0 and 1 are written as address 
to the external memory (strong pull-up is 
used). 

Option 2; An external pull-up resistor is 
needed for external accesses. 

Option 3: Not allowed for external memory 
accesses as the port can only be used as 
output. 

I/O Accesses: 

Option 1 : When writing a 1 to the port-latch, 
the strong pull-up pi will be on for two 
oscillator periods. No weak pull-up exists. 
Without an external pull-up, this option can be 
used as a high-impedance input. 

Option 2: Open drain; quasi-bidirectional I/O 
with n-channel open drain output. Use as an 
output requires the connection of an external 
pull-up resistor (see Figure 4(c)). 

Option 3: Push-Pull; output with drive 
capability in both polarities. Under this 
option, pins can only be used as outputs. 

Individual mask selection of the post-reset 
state is available on any of the above pins. 
Make your selection by appending “S" or "R” 
to option 1 , 2, or 3 above. 


Option S; SET; after reset this pin will be 
initialized HIGH. 

Option R; RESET; after reset this pin will be 
initialized LOW. 

1 .3 Timer/event counter 

The 83CL781 contains three 16-bit 
Timer/Counter registers; Timer 0, Timer 1 , 
and Timer 2 which can perform the following 
functions: 

• Measure time intervals and pulse durations 

• Count events 

• Generate interrupts requests 

Timer 0 and Timer 1 can be independently 
programmed to operate as follows: 

• Mode 0: 8-bit timer or counter with 
divide-by-32 prescaler 

• Mode 1 : 16-blt time-interval or event 
counter 

• Mode 2: 8-bit time interval or event counter 
with automatic reload upon overflow 

• Mode 3: Timer 0 establishes TLO and THO 
as two separate counters. 

In the “Timer” function, the register is 
incremented every machine cycle. Since a 
machine cycle consists of 1 2 oscillator 
periods, the count rate is 1/12 of the oscillator 
frequency. 


In the “Counter” function, the register is 
incremented in response to a 1-to-O 
transition. Since it takes two machine cycles 
(24 oscillator periods) to recognize a 1-to-O 
transition, the maximum count rate is 1/24 of 
the oscillator frequency. To ensure a given 
level is sampled, it should be held for at least 
one full machine cycle. 

1.3.1 Timer 2 

Timer 2 is a 16-bit Timer/Counter. Like Timers 
0 and 1 , it can operate either as a timer or as 
an event counter. This is selected by bit C/T2 
in the Special Function Register T2CON 
(Figure 5). It has three operating modes: 
“capture”, “auto-load” and “baud rate 
generator”, which are selected by bits in 
T2CON as shown in Table 1. 

Table 1. Timer 2 Operating 
Modes 


RTCLK 

CP/RTS 

TR2 

MODE 

0 

0 

1 

16-Bit 

Auto-reload 

0 

1 

1 

16-Bit 

Capture 

1 

X 

1 

Baud Rate 
Generator 

X 

X 

0 

(Off) 


(MSB) 


(LSB) 

1 TF2 

EXF2 GF2 TRCLK 

EXEN2 TR2 CfTl CP/RC5 

Symbol 

Position 

Name and Significance 

TF2 

T2CON 

Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by 
software. TF2 will not be set when either RCLK = 1 or TCLK = 1. 

Timer 2 external flag set when either a capture or reload is caused by a 

EXF2 

T2CON 

negative transition of T2EX and EXEN = 1. When Timer 2 Interrupt is enabled, EXF2 -t- will 
cause the CPU to vector to the Timer 2 interrupt routine. EXF2 must be cleared by software. 

RTCLK 

T2CON.4 

Transmit clock flag. When set, causes the serial port to use Timer 2 overflow pulses for its 
receive and transmit clock in modes 1 and 3. TLCK = 0 causes Timer 1 overflows to be used 
for the receive and transit clock. 

EXEN2 

T2CON.3 

Timer external enable flag. When set, allows a capture or reload to occur as a result of a 
negative transition on T2EX if Timer 2 is not being used to clock the serial port. EXEN2 = 0 
causes Timer 2 to ignore events at T2EX. 

TR2 

T2C ON. 2 

Start/stop control for Timer 2. A logic 1 starts the timer. 

C/T2 

T2CON.1 

Timer or counter select. Timer 2) 

0 = Internal timer (OSC/12) 

1 = External event counter (falling edge triggered) 

CP/RE^ 

T2CON.O 

Capture/Reload flag. When set, captures will occur on negative transitions at T2EX if EXEN 
= 1. When cleaned, auto-reloads will occur either with Timer 2 overflows or negative 
transitions at T2EX when EXEN2 = 1 . When either RCLK = 1 or TCLK = 1 , this bit is ignored 
and the timer is forced to auto-reload on Timer 2 overflow. 

GF2 


General purpose flag bit 

Figure 5. T2CON: Timer/Counter 2 Control Register 
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In the Capture Mode there are two options 
which are selected by bit EXEN2 in T2CON. 
If EXEN2=0, then Timer 2 is a 1 6-bit timer or 
counter which upon overflowing sets bit TF2, 
the Timer 2 overflow bit, which can be used 
to generate an interrupt. If EXEN2=1, then 
Timer 2 still does the above, but with the 
added feature that a 1-to-O transition at 
external input T2EX causes the current value 
in the Timer 2 registers, TL2 and TH2, to be 
captured into registers RCAP2L and 
RCAP2H, respectively. In addition, the 
transition at T2EX causes bit EXF2 in 
T2CON to be set, and EXF2, like TF2, can 
generate an interrupt. The Capture Mode is 
illustrated in Figure 6. 


In the auto-reload mode there are again two 
options, which are selected by bit EXEN2 in 
T2CON. If EXEN2=0, then when Timer 2 rolls 
over it not only set TF2 but also causes the 
Timer 2 registers to be reloaded with the 
16-bit value in registers RCAP2L and 
RCAP2H, which are preset by software. If 
EXEN2=1 , the Timer 2 still does the above, 
but with the added feature that a 1-to-O 
transition at external input T2EX will also 
trigger the 16-bit reload and set EXF2. 

The auto-reload mode is illustrated in Figure 
7. 


The baud rate generator mode is selected by 
RTCLK=1. It will be described in conjunction 
with the serial port. 

A conversion already in progress is aborted 
when the Power-down mode is entered. The 
result of a completed conversion (ADCI = 
logic 1) remains unaffected when entering the 
Idle mode. 

1 .4 Idle and Power-down 
Operation 

Idle mode operation permits the interrupt, 
serial ports, timer blocks to continue 
functioning while the clock to the CPU is 
halted. 



EXEN2 


Figure 6. Timer 2 in Capture Mode 



EXEN2 

Figure 7. Timer 2 in Auto-Reload Mode 
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The following functions remain active during 
Idle mode. These functions may generate an 
interrupt or reset and thus end the Idle mode. 

• Timer 0, Timer 1 , Timer 2 

• SIO, |2C 

• External interrupt 

The Power-down operation freezes the 
osdilator. The Power-down mode can only be 
activated by setting the PD bit in the PCON 
register. 

1 .4.1 Power control register (PCON) 

These special modes are activated by 
software via the Special Function Register 
PCON. Its hardware address is 87H. [PCON 
is not bit-addressable.] 


7 6 5 4 3 2 1 0 


SMOD 

□ 

- 

□ 

GFI 

GFO 

_PD 

IDL 


MSB LSB 


Bil 

SYMBOL 

FUNCTION 

PCON.7 

SMOD 

Double Baud rate 
bit. When set to 
logic 1 the baud rate 
is doubled when the 
serial port SlOO is 
being used in 1 , 2, 
or 3. 

PCON. 6 

- 

(reserved) 

PCON.5 

- 

(reserved) 

PCON.4 

- 

(reserved) 

PCON. 3 

GFI 

General-purpose 
flag bit 

PCON.2 

GFO 

General-purpose 
flag bit 

PCON.1 

PD 

Power-down bit. 
Setting this bit 
activates 

Power-down mode. 

PCON.O 

IDL 

idle mode bit. 

Setting this bit 
activates the Idle 
mode. 


If logic 1 s are written to PD and IDL at the 
same time, PD takes precedence. The reset 
value of PCON Is (OXXOOOOO). 

1 ,4.2 Power*down mode 

The instruction setting PCON.1 is the last 
executed prior to going Into the Power-down 
mode. In Power-^wn mode the oscillator is 
stopped. The contents of the on-chip RAM 
and SFRs are preserved. The port pins 
output the values held by their respective 
SFRs. ALE and PSEN are held LOW. 

1 .4.3 Wake-up mode 

Setting the PD flag in the PCON register 
forces the controller into the Power-down 
mode. Setting this flag enables the controller 
to be awakened from the Power-down mode 
with either the external interrupts INT2/INT8, 
or a reset operation. 

The wake-up operation after power-down In 
this controller has two basic approaches: 

1 .4.3.1 Wake-up using INT2/INT9 

If INT2 to INT9 are enabled, the 83CL781 
can be awakened from power-down mode 
with the external interrupts. To ensure that 
the oscillator is stable before the controller 
restarts, the internal clock will remain inactive 
for 1536 osdliator periods. This is controlled 
by an on-chip delay counter. 

1 .4.3.2 Wake-up using RESET 

To wake-up the 83CL781 the RESET pin has 
to be kept HIGH for a minimum of 24 periods. 
The on-chip delay counter is Inactive. The 
user has to ensure that the oscillator is stable 
before any operation is attempted. Figure 8 
illustrates the two possibilities for wake-up. 

1 .4.4 idle mode 

The Instruction that sets PCON.O is the last 
instruction executed In the normal operating 
mode before Idle mode Is activated. Once in 
the Idle mode, the CPU status is preserved in 
Its entirety: the Stad< Pointer, Program 
Counter, Program Status Word, Accumulator, 
RAM and all other registers maintain their 


data during Idle mode. The status of the 
external pins during Idle mode is shown in 
Table 1 . 

There are two methods used to terminate the 
Idle mode. Activation of any enabled interrupt 
will cause PCON.O to be cleared by 
hardware, terminating Idle mode. The 
interrupt is serviced, and following the 
return-from-Interrupt instruction RETI, the 
next Instruction to be executed will be the one 
which follows the instruction that wrote a logic 
1 to PCON.O. 

Flag bits GFO and GF1 may be used to 
determine whether the interrupt was received 
during normal execution or during Idle mode. 
For example, the instruction that writes to 
PCON.O can also set or clear one or both flag 
bits. When Idle mode is terminated by an 
interrupt, the service routine can examine the 
status of the flag bits. 

The second method of terminating the Idle 
mode is with an external hardware reset, or 
an internal reset caused by an overflow of 
Timer T3. Since the oscillator is still running, 
the hardware reset is required to be active for 
two machine cycles (24 oscillator periods) to 
complete the reset operation. 

Reset redefines all SFRs, but does not affect 
the on-chip RAM. 

In the Power-down mode, Vqd may be 
reduced to minimize power consumption. 
However, the supply voltage must not be 
reduced until Power-down mode is active, 
and must be held active until the oscillator 
has restarted and stabilized. 

The status of the external pins during Idle 
and Power-down mode is shown in Table 2. If 
the Power-down mode is activated whilst 
accessing external memory, port data held in 
the Special Function Register P2 is restored 
to Port 2. If the data is a logic 1 , the port pin 
is held HIGH during the Power-down mode 
by the strong pull-up transistor pi (see Figure 
4(a)). 


POWER-DOWN 

RESET PIN 


EXTERNAL INTERRUPT ^ 





c 








OSCILLATOR 








-► 



DELAY COUNTER > 24 PERIODS 

1536 PERIODS 


Figure 8. Wake-up Operation 
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1 .5 I^C Bus Serial I/O 

The serial port supports the twin line I^C-bus. 
The I^C bus consists of a data line (SDA) and 
a clock line (SCL). These lines also function 
as I/O port lines P1 .7 and P1 .6 respectively. 
The system is unique because data transport, 
clock generation, address recognition and 
bus control arbitration are all controlled by 
hardware. The I^C bus serial I/O has 


complete autonomy in byte handling and 
operates in four modes: 

• Master transmitter 

• Master receiver 

• Slave transmitter 

• Slave receiver 


These functions are controlled by the S1 CON 
register. S1STA is the status register whose 
contents may also be used as a vector to 
various service routines. SI DAT is the data 
shift register and S1 ADR the slave address 
register. Slave address recognition is 
performed by hardware. 


Table 2. Status of the External Pins during Idle and Power-down Modes 
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Serial Control Register S1CON (D8H) 


CR2 

ENS1 

STA 

STO 

SI 

AA 

CRI 

CRO 


CRO, CRI, CR2 These three bits determine the serial clock frequency when SIO is in a master mode. See table 3. 

AA Assert Acknowledge bit. When the AA flag Is set, an acknowledge {low level SDA) will be returned during the 

acknowledge clock pulse on the SCL line when: 

• own slave address is received 

• general call address is 
received (S1ADR.0=1) 

• data byte received while 
device is programmed as 
master 

• data byte received while 
device is a selected slave 

With AA=0, no acknowledge will be returned. Consequently, no interrupt is requested when the “own slave address” or 
general call address is received. 

SI SIO interrupt flag. When the S1 flag Is set, an acknowledge is returned after any one of the following conditions: 

• a start condition is generated in master mode 

• own slave address received during AA=1 

• general call address received while SI ADR.O and AA=1 

• data byte received or transmitted as selected slave 

• stop or start condition received as selected slave receiver or transmitter 

STO STOP flag. With this bit set while in master mode a STOP condition is generated. When a STOP condition is detected on 

the bus, the SIO hardware clears the STO flag. In the slave mode, the STO flag may also be set to recover from an error 
condition. In this case, no STOP condition is transmitted to the I^C bus. However, the SIO hardware behaves as if a 
STOP condition has been received and releases SDA and SCL. The SIO then switches to the “not addressed” receiver 
mode. The STO flag is automatically cleared by hardware. 

STA START flag. When the STA bit is set in slave mode, the SIO hardware checks the status of the I^C bus and generates a 

START condition if the bus is free. If STA is set while the SIO is in master mode, SIO transmits a repeated START 
condition. 

ENS1 When ENS1 =0, the SIO is disabled. The SDA and SCL outputs are in a high-impedance state; P1 .6 and P1 .7 function as 

open drain ports. When ENS=1 , the SIO is enabled. The P1 .6 and PI .7 port latches must be set to logic 1 . 


Table 3. SCL Frequency 


CR2 

CRI 

CR2 

fosc Divided By 

Bit Rate (kHz) at fosc 

3.58MHz 

6 MHz 

12MHz 

0 

0 

0 

256 

14.0 

23.4 

46.9 

0 

0 

1 

224 

16.0 

26.8 

53.6 

0 

1 

0 

192 

18.6 

31.3 

62.5 

0 

1 

1 

160 

22.4 

37.5 


1 

0 

0 

960 

3.73 

6.25 

HHDSHH 

1 

0 

1 

120 

29.8 

50 

imiimQiimu 

1 

1 

0 

60 

59.7 

100 

HHBHII 

1 

1 

1 

not allowed 

- 

- 

- 
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Status Register S1STA (D9H) 


SC4 

SC3 

SC2 

SCI 

SCO 

0 

0 

0 


S1STA is an 8-bit read-only special function 
register. S1STA.3-S1STA.7 hold a status 
code. S1STA.0-S1STA.2 are held LOW. the 
contents of S1STA may be used as a vector 
to a service routine. This optimizes response 
time of the software and consequently that of 
the I^C bus. 

The following is a list of the status code; 


Abbreviations used: 


SLA; 

7-bit slave address 

R; 

Read bit 

W; 

Write bit 

ACKNOT; Acknowlegement 

(acknowledge bit = 0) 

ACK; 

Not Acknowledge 
(acknowledge bit = 1 ) 

DATA; 

8-bit byte to or from the I^C 
bus 

MST; 

Master 

SLV; 

Slave 

TRX; 

Transmitter 

RFC; 

Receiver 

MST/TRX Mode 

S1STA Value 

08H 

A START condition has been 
transmitted 

10H 

A repeated START condition 
has been transmitted 

18H 

SLA and W have been transmitted, 
ACKNOT received 

28H 

DATA of SI DAT has been 
transmitted, ACK received 

30H 

DATA of SI DAT has been 
transmitted, ACKNOT received 

38H 

Arbitration lost in SLA, R/W or DATA 


SLV/REC Mode 

S1STA Value 


60H 

Own SLA and W have been 
received, ACK returned 

68H 

Arbitration lost in SLA, RW as 
MST. Own SLA and W have 
been received, ACK returned. 

70H 

General Call has been re- 
ceived, ACK returned 

78H 

Arbitration lost in SLA, RW as 
MST. General Call has been 
received. 

80H 

Previously addressed with 
own SLA. DATA byte received, 
ACKNOT returned. 

88H 

Previously addressed wtih 
General Call. DATA byte has 
been received, ACK has been 
returned. 

90H 

Previously addressed with 
General Call. DATA byte has 
been received, ACK has been 
returned. 

98H 

Previously addressed with 
General Call. DATA byte has 
been received, ACKNOT has 
been returned. 

AOH 

A STOP condition or repeated 
START condition has been 
received while still addressed 
as SLV/REC or SLV/TRX. 

SLV/TRX Mode 

SI STA Value 

ASH 

Own SLA and R have been 
received, ACK returned 

BOH 

Arbitration lost in SLA, R/W 
as MST Own SLA and R 
have been received, ACK 
returned. 

B8H 

DATA byte has been 
transmitted, ACK received. 

COH 

DATA byte has been trans- 
mitted, ACKNOT received. 


MST/REC Mode 
S1STA Value 


38H 

Arbitration lost while returning 
ACKNOT 

40H 

SLA and R have been 
transmitted, ACK received 

48H 

SLA and R have been 
transmitted, ACKNOT 
received 

50H 

DATA has been received, ACK 
returned 

58H 

DATA has been received, 
ACKNOT returned 


Miscellaneous 
S1STA Value 

OOH Bus error during MST mode 

or selected SLV mode, due to 
an erroneous START or 
STOP condition. 


Data Shift Register SI DAT (PAH) 


□ 



Q 


E 

Q 



This register contains the serial data to be 
transmitted or data that has just been 
received. Bit 7 is transmitted or received first; 
i.e., data is shifted from left to right. 


Own Address Register S1ADR 
(DBH) 


□ 



Q 

H 


□ 

H 


This 8-bit register may be loaded with the 
7-bit address to which the controller will 
respond when programmed as a slave 
receiver/transmitter. The LSB bit (GC) is used 
to determine whether the general CALL 
address is recognized. 

S1 ADR.O, GC; 0 = general CALL address 
is not recognized. 

1 = general CALL is 
recognized. 

S1 ADR.7 - 1 ; own slave address 

1 .6 Standard serial interface 
SlOO: UART 

This serial port is full duplex, meaning It can 
transmit and receive simultaneously. It Is also 
receive-buffered, meaning it can commence 
reception of a second byte before a 
previously received byte has been read from 
the register. (However, if the first byte still 
hasn’t been read by the time reception of the 
second byte is complete, one of the bytes will 
be lost). The serial port receive and transmit 
registers are both accessed at Special 
Function Register SOBUF. Writing to SOBUF 
loads the transmit register, and reading 
SOBUF loads the transmit register, and 
reading SOBUF accesses a physically 
separate receive register. 

The serial port can operate in 4 modes; 

Mode 0: Serial data enters and exits through 
RxD. TxD outputs the shift clock. 8 bits are 
transmitted/received (LSB first). The baud is 
fixed at 1/1 2 the oscillator frequency. 

Mode 1: 10 bits are transmitted (through 
TxD) or received (through RxD); a start bit 
(0), 8 data bits (LSB first), and a stop bit (1). 
On receive, the stop bit goes into RB8 in 
Special Function Register SCON. The baud 
rate is variable. 

Mode 2: 11 bits are transmitted (through 
TxD) or received (through RxD); start bit (0), 

8 data bits (LSB first), a programmable 9th 
data bit, and a stop bit (1). On Transmit, the 
9th data bit (TB8 in SCON) can be assigned 
the value of 0 or 1 . Or, for example, the parity 
bit (P, in the PSW) could be moved into TB8. 
On receive, the 9th data bit goes into RB8 in 
Special Function Register SCON, while the 
stop bit is ignored. The baud rate is 
programmable to either 1/32 or 1/64 the 
oscillator frequency. 
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Mode 3: 1 1 bits are transmitted (through 
TxD) or received (through RxD); a start bit 
(0), 8 data bits (LSB first), a programmable 
9th data bit and a stop bit (1). In fact, Mode 3 
is the same as Mode 2 in all respects except 
baud rate. The baud rate in Mode 3 is 
variable. 

In all four modes, transmission is initiated by 
any instruction that uses SOBUF as a 
destination register. Reception is initiated in 
Mode 0 by the condition Rl = 0 and REN = 1 . 
Reception is initiated in the other modes by 
the incoming start bit if REN = 1. 

1 .6.1 Multiprocessor Communications 

Modes 2 and 3 have a special provision for 
multiprocessor communications. In these 
modes, 9 data bits are received. The 9th one 


goes into RB8. Then comes a stop bit. The 
port can be programmed such that when the 
stop bit is received, the serial port interrupt 
will be activated only if RB8 = 1 . This feature 
is enabled by setting bit SM2 in SCON. A 
way to use this feature in multiprocessor 
systems is as follows. 

When the master processor wants to transmit 
a block of data to one of several slaves, it first 
sends out an address byte which identifies 
the target slave. An address byte differs from 
a data byte in that the 9th bit is 1 in an 
address byte and 0 in a data byte. With SM2 
= 1 , no slave will be interrupted by a data 
byte. An address byte, however, will Interrupt 
all slaves, so that each slave can examine 
the received byte and see if it is being 
addressed. The addressed slave will clear its 


SM2 bit and prepare to receive the data bytes 
that will be coming. The slaves that weren’t 
being addressed leave their SM2s set and go 
on about their business. Ignoring the coming 
data bytes. 

SM2 has no effect in Mode 0, and in Mode 1 
can be used to check the validity of the stop 
bit. In a Mode 1 reception, if SM2 = 1 , the 
receive interrupt will not be activated unless a 
valid stop bit Is received. 

1 .6.2 Serial port control register 

The serial port control and status register is 
the Special Function Register SOCON, shown 
in Figure 13. The register contains not only 
the mode selection bits, but also the 9th data 
bit for transmit and receive (TBS and RB8), 
and the serial port interrupt bits (Tl and Rl). 


SM2 enables the multiprocessor communication feature in Modes 2 
and 3. In Mode 2 or 3, if SM2 is set to 1 then Rl will not be activated if 
the received ninth data bit (RB8) is 0. In Mode 1 , if SM2=1 then Rl will 
not be activated if a valid stopbit was not received. In Mode 0, SM2 
should be 0. 

REN enables serial reception. Set by software to enable reception. 
Clear by software to disable reception. 

TBS is the ninth data bit that will be transmitted in Modes 2 and 3. 
Set or clear by software as desired. 

RB8 in Modes 2 and 3, is the ninth data bit that was received. In 
Mode 1 , If SM2=0, RB8 is the stop bit that was received. In Mode 0, 
RB8 is not used. 

Tl is transmit interrupt flag. Set by hardware at the end of the 
eighth bit time in Mode 0, or at the beginning of the stop bit in the other 
modes, in any serial transmission. Must be cleared by software. 

Rl is receive interrupt flag. Set by hardware at the end of the 8th 
bit time in Mode 0, or halfway through the stop bit time in the other 
modes, in any serial receoption (except see SM2). Must be cleared by 
software. 

Figure 10. Serial Port Control (SCON) Register 


MSB 


LSB 


SMO 

SMI 

SM2 

REN 

TBS 

RBS 

Tl 

Rl 1 


Where SMO, SMI specify the serial port mode, as follows: 

SMQ SMI MODE DESCRIPTION BAUD RATE 

0 0 0 Shift register fosc/12 

0 1 1 8-bit DART variable 

1 0 2 9-bit UART fosc / 64 or fosc / 32 

1 1 3 9-bit variable UART 


Table 4. Timer 1 Generated Commonly Used Baud Rates 


BAUD RATE 

fosc 

SMOD 

C/T 

TIMER 1 MODE 

RELOAD VALUE 

Mode 0 Max; 1 MHz 

12MHz 

X 

X 

X 

X 

Mode 2 Max; 375K 

12MHz 

1 

X 

X 

X 

Mode 1 . 3: 62.5K 

12MHz 

1 

0 

2 

FFH 

19.2K 

11.059MHz 

1 

0 

2 

FDH 

9.6K 

11.059MHz 

0 

0 

2 

FDH 

4.8K 

11.059MHz 

0 

0 

2 

FAH 

2.4K 

11.059MHz 

0 

0 

2 

F4H 

1.2K 

11.059MHz 

0 

0 

2 

E8H 

137.5K 

11.986MHz 

0 

0 

2 

1DH 

110K 

6MHz 

0 

0 

2 

72H 

110K 

12MHz 

0 

0 

1 

FEEBH 


Baud rRates 
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The baud rate in Mode 0 is fixed: Mode 0 
Baud Rate = Oscillator Frequency / 12. The 
baud rate in Mode 2 depends on the value of 
bit SMOD in Special Function Register 
PCON. If SMOD = 0 (which is the value on 
reset), ttie baud rate is 1/64 the oscillator 
frequency. If SMOD = 1 , the baud rate is 1/32 
the oscillator frequency. 

Mode 2 Baud Rate = (2®^°° /64)(Oscillator 
Frequency) 

The baud rates in Modes 1 and 3 are 
determined by the Timer 1 or Timer 2 
overflow rate. 

Using Timer 1 to Generate Baud Rates 

When Timer 1 is used as the baud rate 
generator, the baud rates in Modes 1 and 3 
are determined by the Timer 1 overflow rate 
and the value of SMOD as follows: 

Modes 1,3 Baud Rate = (2®'^°°/32)(Timer 1 
Overflow Rate) 

The Timer 1 interrupt should be disabled In 
this application . The Timer itself can be 
configured for either “timer” or “counter” 
operation, and in any of its 3 running modes. 
In most typical applications, it is configured 
for "timer operation, in the auto-reload mode 
(high nibble of TMOD = 001 OB). In that case 
the baud rate is given by the formula: 

Mode 1, 3 Baud Rate = {(2®'^°°/32) x 
(Oscillator Frequency)} / {1 2 x (256 - (TH1 )} 

One can achieve very low baud rates with 
Timer 1 by leaving the Timer 1 interrupt 
enabled, and configuring the Timer to run as 
a 16-bit timer (high nibble of TMOD = 0001 B), 
and using the Timer 1 interrupt to do a 16-bit 


software reload. Table 4 lists various 
commonly used baud rates and how they can 
be obtained from Timer 1. 

The baud rate generator mode is similar to 
the auto-reload mode, in that a rollover in 
TH2 causes the Timer 2 registers to be 
reloaded with the 16-blt value in registers 
RCAP2H and RCAP2L, which are preset by 
software. 

Using Timer 2 to Generate Baud Rates 

Timer 2 is selected as the baud rate 
generator by setting RTCLK in T2CON 
(Figure 14). Setting RTCLK puts Timer 2 into 
its baud rate generator mode, as shown In 
Figure 14. 

The baud rate generator mode is similar to 
the auto-reload mode, in that a rollover in 
TH2 causes the Timer 2 registers to be 
reloaded with the 16-bit value in registers 
RCAP2H and RCAP2L, which are preset by 
software. 

Now, the baud rates In Modes 1 and 3 are 
determined by Timer 2’s overflow rate as 
follows: 

Modes 1 ,3 Baud Rate = (Timer 2 Overflow 
Rate)/ 16 

The Tmer can be configured for either "timer” 
or "counter” operation. In the most typical 
applications, it is configured for "timer” 
operation (C/T2 = 0). "Timer” operation is a 
little different for Timer 2 when it’s being used 
as a baud rate generator. Normally, as a timer 
Is would increment every machine cycle (tfius 
at 1/12 the oscillator frequency). As a baud 
rate generator, however, it increments every 


80CL781/83CL781 


State time (thus at 1/2 the oscillator 
frequency). In that case the baud rate is 
given by the formula. 

Modes 1,3 Baud Rate = (Oscillator 
Frequency) / {32 x (65536 - (RCAP2H, 
RCAP2L)} 

Where (RCAP2H, RCAP2L) is the content of 
RCAP2H and RCAP2L taken as a 16-bit 
unsigned integer. 

Timer 2 as a baud rate generator is shown in 
Figure 14. This Figure is valid only if RTCLK 
= 1 in T2CON. Note that a rollover in TH2 
does not set TF2, and will not generate an 
interrupt. Therefore, the Timer 2 interrupt 
does not have to be disabled when Timer 2 is 
in the baud rate generator mode. Note too, 
that if EXEN2 is set, a 1 -to-0 transition in 
T2EX will set EXF2 but will not cause a 
reload from (RCAP2H, RCAP2L) to (TH2, 
TL2). Thus when Timer 2 is in use as a baud 
rate generator, T2EX can be used as an extra 
external interrupt, if desired. 

It should be noted that when Timer 2 is 
running (TR2 = 1) in "timer” function in the 
baud rate generator mode, one should not try 
to read or write TH2 or TL2. Under these 
conditions the Timer is being incremented 
every state time, and the results of a read or 
write may not be accurate. The RCAP 
registers may be read, but shouldn’t be 
written to, because a write might overlap a 
reload and cause write and/or reload errors. 
Turn the Timer off (clear TR2) before 
accessing the Timer 2 or RCAP register, in 
this case, 
this case 
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TIMER 1 
OVERFLOW 



TRANSITION 



"TIMER 2 
INTERRUPT” 


NOTE AVAILABIUTY OF ADDITIONAL EXTERNAL INTERRUPT 


Figure 11. Timer 2 in Baud Rate Generator Mode 
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1 .7 Interrupt system 

External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronous to execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution, a multiple-source, 
two-priority-level, nested interrupt system is 
provided. The 83CL781 acknowledges 
interrupt requests from fifteen sources as 
follows: 

• INTO through INT9 

• Timer 0, Timer 1 , and Timer 2 

♦ I^C bus serial I/O 

♦ UART 


Each interrupt vectors to a separate location 
in program memory for its service routine. 
Each source can be individually enabled or 
disabled by corresponding bits in the Interrupt 
Enable Registers (IE, lEO). The priority level 
is selected via the Interrupt Priority register 
(IPO, IP1). All enabled sources can be 
globally disabled or enabled. 

1 .7.1 External Interrupts INT2/INT9 

Port 1 lines serve an alternative purpose as 
seven additional interrupts INT2 to INT9. 
When enabled, each of these lines may 
"wake-up" the device from Power-down 
mode. Using the IX1 register, eadi pin may 


be initialized to either active HIGH or LOW. 
IRQ1 is the interrupt request flag register. 
Each flag, if the interrupt is enabled, will be 
set on an interrupt request but must be 
cleared by software, i.e. via the interrupt 
software or when the interrupt Is disabled. 

The port 1 interrupts are level sensitive. A 
port 1 interrupt will be recognized when a 
level (HIGH or LOW depending on Interrupt 
Polarity Register 1X1 ) on P1x is held active 
for at least one machine cycle. The Interrupt 
Request is not served until the next machine 
cycle. 
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interrupt Enable Register iENO, 
IEN1 


EA 

ET2 

ESI 

ESO 

ETI 

EX1 

ETO 

EXO 


BIT SYMBOL FUNCTION 


IEN0.7 

EA 

General enable/ 
disable control 

0 = no interrupt is 
enabled; 

1=any individually 
enabled interrupt will 
be accepted 

IEN0.6 

ET2 

Enable T2 interrupt 

IEN0.5 

ESI 

Enable I^C interrupt 

IEN0.4 

ESO 

Enable UARTSIO 
interrupt 

IEN0.3 

ETI 

Enable Timer T1 
interrupt 

IEN0.2 

EX1 

Enable external 
interrupt 1 

IEN0.1 

ETO 

Enable Timer TO 
interrupt 

lENO.O 

EXO 

Enable external 
interrupt 0 


interrupt Priority Register 
IPO, I P1 


IPO (B8H) [_ 

- |PT2|PSl| 

PSojPTl |PXl|PT0|PX0 

Bil 

SYMBOL 

FUNCTION 

IP0.7 

- 

Unused 

IP0.6 

PT2 

Timer 2 interrupt 
priority level 

IPO. 5 

PS1 

Unused 

IP0.4 

PSO 

UART SIO interrupt 
priority level 

IP0.3 

PT1 

Timer 1 interrupt 
priority level 

IPO. 2 

PX1 

External interrupt 1 
priority level 

IP0.1 

PTO 

Timer 0 interrupt 
priority level 

IPO.O 

PXO 

External interrupt 0 
priority level 


EX8 

EX7 

EX6 

EX5 

EX4 

EX3 

EX2 

IP1 (F8H) 

PX9 

PX8 

PX7 

PX6 

PX5 

PX4 

PX3 

PX2 


BlI 

SYMBOL 

FUNCTION 

BIT 

SYMBOL 

FUNCTION 

IEN1.7 

EX9 

Enable external 
interrupt 9 

IP1.7 

PX9 

External interrupt 9 
priority level 

IEN1.6 

EX8 

Enable external 
interrupt 8 

IP1.6 

PX8 

External interrupt 8 
priority level 

IEN1.5 

EX7 

Enable external 
interrupt 7 

IP1.5 

PX7 

External interrupt 7 
priority level 

IEN1.4 

EX6 

Enable external 
interrupt 6 

IP1.4 

PX6 

External interrupt 6 
priority level 

IEN1.3 

EX5 

Enable external 
interrupt 5 

IP1.3 

PX5 

External interrupt 5 
priority level 

IEN1.2 

EX4 

Enable external 
interrupt 4 

IP1.2 

PX4 

External interrupt 4 
priority level 

IEN1.1 

EX3 

Enable external 
interrupt 3 

1P1.1 

PX3 

External interrupt 3 
priority level 

IEN1.0 

EX2 

Enable external 
interrupt 2 

IP1.0 

PX2 

External interrupt 2 
priority level 


where 0 = interrupt disabled Interrupt priority is as follows; 

1 = interrupt enabled ^ = low priority 

1 = high priority 


interrupt Polarity Register 


iL9 

iL8 

IL7 

IL6 

IL5 

IL4 

IL3 

iL2 


Writing either a “1 ” or “0” to an 1X1 register bit 
sets the polarity level of the corresponding 
external interrupt to active HIGH or LOW 
respectively. 


Mil 

SYMBOL 

FUNCTION 

IX1.7 

IL9 

External interrupt 9 
polarity level 

1X1.6 

IL8 

External interrupt 8 
polarity level 

1X1.5 

IL7 

External interrupt 7 
polarity level 

1X1.4 

IL6 

External interrupt 6 
polarity level 

1X1.3 

IL5 

External interrupt 5 
polarity level 

1X1.2 

IL4 

External Interrupt 4 
polarity level 

1X1.1 

IL3 

External interrupt 3 
polarity level 

1X1.0 

1L2 

External interrupt 2 
polarity level 


interrupt Request Flag Register 
iRQ1 


109 

108 

107 

106 

105 

f04 

103 

102 


BIT 

SYMBOL 

FUNCTION 

IRQ1.7 

IQ9 

External interrupt 9 
request flag 

IRQ1.6 

IQS 

External interrupt 8 
request flag 

IRQ1.5 

1Q7 

External interrupt 7 
request flag 

IRQ1.4 

IQ6 

External interrupt 6 
request flag 

IRQ1.3 

IQS 

External interrupt 5 
request flag 

IRQ1.2 

1Q4 

External interrupt 4 
request flag 

IRQ1.1 

IQS 

External interrupt 3 
request flag 

IRQ1.0 

IQ2 

External interrupt 2 
request flag 
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1 .7.2 Interrupt vectors 


(highest) 

Vector 

Source 

XO 

0003H 

external/0 

SI 

002BH 

Pc port 

X5 

0053H 

external 5 

TO 

OOOBH 

timer 0 

T2 

0033H 

timer 2 

X6 

005BH 

external 6 

XI 

0013H 

external 1 

X2 

003BH 

external 2 

X7 

0063H 

external 7 

T1 

001 BH 

timer 1 

X3 

0043H 

external 3 

X8 

006BH 

external 8 

SO 

0023H 

UART 

X4 

004BH 

external 4 

X9 

0073H 

external 9 


(lowest) 

Interrupt Priority 

Each interrupt priority source can be set to 
either high or low priority. If both priorities are 
requested simultaneously, the controller will 
branch to the high priority vector. 

A low priority interrupt can only be interrupted 
by a high priority interrupt. A high priority 
interrupt routine cannot be interrupted. 

1 .7.3 Related registers 

The following registers are used in 

conjunction with the interrupt system; 


SFR 

REGISTER FUNCTION ADDRE SS 

1X1 Interrupt polarity E9H 

register 

IRQ1 Interrupt request COM 

flag register 

lENO Interrupt enable ASH 

register 

IEN1 Interrupt enable E8H 

register (INT2-INT9) 

IPO Interrupt priority B8H 

register 

IP1 interrupt priority F8H 

register (rNT2-fNT9) 

1.8 Oscillator circuitry 

The on-chip oscillator circuitry of the 
83CL781 is a single-stage inverting amplifier 
biased by an internal feedback resistor 
(Figure 21). For operation as a standard 
quartz oscillator, no external components are 
needed (except at 32 kHz). When using 
external capacitors, ceramic resonators, coils 
and RC networks to drive the oscillator, five 
different configurations are supported (see 
Figure 22 and oscillator options). 

In the Power-down mode the oscillator is 
stopped and XTAL1 is pulled HIGH. The 
oscillator inverter is switched off to ensure no 
current will flow regardless of the voltage at 
XTAL1 . To drive the device with an external 


clock source, apply the external dock signal 
to XTAL1 , and leave XTAL2 to float, as 
shown In Figure 22(f). There are no 
requirements on the duty cycle of the external 
clock, since the input to the internal docking 
circuitry is buffered by a flip-flop. 

The following options are provided for 
optimum on-chip oscillator performance. 
Please state option when ordering. 

1.8.1 Oscillator options (see Figure 22) 

32kHz: Figure 22(c). An option for 32kHz 
clock applications with external 
trimmer for frequency adjustment. A 
4.7MQ bias resistor is needed for 
use in parallel with the crystal. 

Osc 2. Figure 22(e); An option for 
low-power, low-frequency 
operations using LC components. 

Osc 3: An option for medium frequency 
range applications. 

Osc 4; An option for high frequency range 
applications. 

RC: Figure 22(g). An option for an RC 

oscillator. 

The equivalent drcuit data of the internal 
oscillator compares with that of matched 
crystals. 


Vdd 



Figure 14. Oscillator 
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Figure 15. Alternative Oscillator Configurations 

OSCILLATOR TYPE SELECTION GUIDE 


RESONATOR f (MHz) 


MAX. RESONATOR 
SERIES RESISTANCE 



15 

60 

40 

10pH = 1O 


lOOpH = 50 
1mH = 750 


2. 32kHz quartz crystals with a series resistance higher than 15kO will reduce the guaranteed supply voltage range to 2.5 - 3.5V. 
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OSCILLATOR EQUIVALENT CIRCUIT PARAMETERS (s 


PARAMETER 

OPTION 

SYMBOL 


Transconductance 

32kHz 

9m 


Osc.2 

9m 


Osc.3 

9m 


Osc.4 

9m 


Input capacitance 

32kHz 

Clj 


Osc.2 

Cli 


Osc.3 

Cli 


Osc.4 

Clj 


Output capacitance 


C2i 


Osc.2 

C2i 


Osc.3 

C2i 


Osc.4 

C2i 


Output resistance 


R2 


Osc.2 

R2 


Osc.3 

R2 


Osc.4 

R2 
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1.8.2 RC Oscillator 

The externally adjustable RC-oscillator has a 
frequency range from 1 CX) kHz to 500 kHz. 

1.9 Reset circuitry 

To initialize the 83CL781 . a reset is 
performed by either of two methods: 

• via the RST pin 

• via a power-on-reset 


It leaves the internal registers as follows: 


Qpntqpt 

ACC 

0000 0000 

B 

0000 0000 

DPL 

0000 0000 

DPH 

0000 0000 

lEO 

0000 0000 

IE1 

0000 0000 

IPO 

XXOO 0000 

IP1 

0000 0000 

1X1 

0000 0000 

IRQ1 

0000 0000 

PCH 

0000 0000 

PCL 

0000 0000 

PCON 

OXXO 0000 

P0-P3 

1111 1111 

SOBUF 

xxxxxxxx 

SOCON 

0000 0000 

S1ADR 

0000 0000 

SI CON 

0000 0000 

S1DAT 

0000 0000 

S1STA 

1111 1000 

SP 

0000 0111 

TCON 

0000 0000 

T2CON 

0000 0000 

T3 

0000 0000 

THO, TH1,TH2 

0000 0000 

TLO, TL1,TL2 

0000 0000 

TMOD 

0000 0000 

PSW 

0000 0000 

RCAP2L 

0000 0000 

RCAP2H 

0000 0000 



The reset state of the port pins is 
mask-programmable and can therefore be 
defined by the user. The standard reset value 
for port P0-P3 is 1111 1111. 

The reset input to the 83CL781 is RST pin 
15. A Schmitt trigger qualifies the input for 
noise rejection. The output of the Schmitt 
trigger is sampled by the reset circuitry every 
machine cycle. 

A reset Is accomplished by holding the RST 
pin HIGH for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. The CPU responds by generating an 
internal reset. Port pins adopt their reset state 
immediately after RST goes HIGH. During 
reset ALE and PSEN are held HIGH. 


The external reset is asynchronous to the 
Internal clock. The RST pin is sampled during 
State 5, Phase 2 of every machine cycle. 
After a HIGH is detected at the RST pin, an 
internal reset Is repeated every cycle until 
RST goes LOW. 

The internal RAM is not affected by reset. 
When Vdd is turned on the RAM contents are 
indeterminate. 

1.9.1 Power-on reset 

The 83CL781 contains on-chip circuitry which 
switch the port pins to the customer defined 
logic level as soon as Vdd exceeds 1 .3 V. As 
soon as the minimum supply voltage is 
reached, the osdilator will start up. However, 
to ensure that the oscillator is stable before 
the controller starts, the clock signals are 
gated away from the CPU for a further 1536 
oscillator periods. 

A hysteresis of approximately 50mV at a 
typical power-on switching level of 1 .3 V will 
ensure correct operation. 

An automatic reset can be obtained at 
power-on by connecting the RST pin to Vdd 
via a 10 pF capacitor. At power-on, the 
voltage on the RST pin is equal to Vdd minus 
the capacitor voltage, and decreases from 
Vdd as the capacitor discharges through the 
internal resistor Rrst to ground. The larger 
the capacitor, the more slowly Vrst 
decreases. Vrst must remain above the 
lower threshold of the Schmitt trigger long 
enough to effect a complete reset. The time 
required is the oscillator start-up time, plus 2 
machine cycles. 



Figure 18. Reset Configuration at RST Pin 


March 1993 


369 






Philips Semiconductors Microcontroller Products 


Objective specification 






Philips Semiconductors Microcontroller Products Objective specification 


Low-voltage single-chip 8-bit microcontroller 80CL781/83CL781 


2.0 INSTRUCTION SET 

The 83CL781 uses a powerful instruction set 
which permits the expansion of on-chip CPU 
peripherals and optimizes byte efficiency and 
execution speed. Assigned opcodes add new 


high-power operation and permit new 
addressing modes. The instruction set 
consists of 49 single-byte, 46 two-byte and 
16 three-byte Instructions. When using a 12 


MHz oscillator, 64 instructions execute in 1 ps 
and 45 in 2 ps. Multiply and divide 
instructions execute In 
4 ps. 


Table 5. Instruction Set Description 




BYTES/ 

OPCODE 

MNEMONIC 

DESCRIPTION 

CYCLES 

(HEX.) 


Arithmetic Operations 


ADD 

A,Rr 

Add register to A 

ADD 

A, direct 

Add direct byte to A 

ADD 

A.(§)Ri 

Add indirect RAM to A 


A,#data 

ADD immediate data to A 

ADDC 

A.Rr 

Add register to A with carry flag 

ADDC 

A, direct 

Add direct byte to A with carry flag 

ADDC 

A.@R 

Add indirect RAM to A with carry flag 

ADDC 

A,#data 

Add immediate data to A with carry flag 

SUBB 

A.Rr 

Subtract register from A with borrow 

SUBB 

A, direct 

Subtract direct byte from A with borrow 

SUBB 

A.@RI 

Subtract indirect RAM from A with borrow 

SUBB 

A,#data 

Subtract immediate data from A with borrow 

INC 

A 

Increment A 

INC 

Rr 

Increment register 

INC 

direct 

Increment direct byte 

INC 

@R 

Increment indirect RAM 

DEC 

A 

Decrement A 

DEC 

Rr 

Decrement register 

DEC 

direct 

Decrement direct byte 

DEC 

@R 

Decrement indirect RAM 

INC 

DPTR 

Inaement data pointer 

MUL 

AB 

Multiply A & B 

DIV 

AB 

Divide A by B 

DA 

A 

Decimal adjust A 


Logic Operations 


ANL 

A.Rr 

AND register to A 

ANL 

A, direct 

AND direct byte to A 

ANL 

A.@Ri 

AND indirect RAM to A 

ANL 

A,#data 

AND immediate data to A 

ANI 

direct, A 

AND A to direct byte 

ANL 


AND immediate data to direct byte 

ORL 

A.Rr 

OR register to A 

ORL 

A, direct 

OR direct byte to A 

ORL 

A,@Ri 

OR indirect RAM to A 

ORL 

A,#data 

OR immediate data to A 

ORL 

direct.A 

OR A to direct byte 
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Table 5. Instruction Set Description (Continued) 


MNEMONIC 

DESCRIPTION 

BYTES/ 

CYCLES 

OPCODE 

(HEX.) 

I Logic Operations (continued) | 

ORL 

direct, #data 

OR immediate data to direct byte 

3 

2 

43 

XRL 

A,Rr 

Exclusive-OR register to A 

1 

1 

6* 

XRL 

A, direct 

Exclusive-OR direct byte to A 

2 

1 

65 

XRL 

A,<g>Ri 

Exclusive-OR indirect RAM to A 

1 

1 

66, 67 

XRL 

A,#data 

Exclusive-OR immediate data to A 

2 

1 

64 

XRL 

direct, A 

Exclusive-OR to direct byte 

2 

1 

62 

XRL 

direct, #data 

Exdusive-OR immediate data to direct byte 

3 

2 

63 

CLR 

A 

Clear A 

1 

1 

E4 

CPL 

A 

Complement A 

1 

1 

F4 

RL 

A 

Rotate A left 

1 

1 

23 

RLC 

A 

Rotate A left through the carry flag 

1 

1 

33 

RR 

A 

Rotate A right 

1 

1 

03 

RRC 

A 

Rotate A right throught the carry flag 

1 

1 

13 

SWAP 

A 

Swap nibbles within A 

1 

1 

C4 

I Data Transfer | 

MOV* 

A,Rr 

Move register to A 

1 

1 

E* 

MOV 

A, direct 

Move direct byte to A 

2 

1 

E5 

MOV 

A@R 

Move indirect RAM to A 

1 

1 

E6. E7 

MOV 

A,#data 

Move immediate data to A 

2 

1 

74 

MOV 

Rr,A 

Move A to register 

1 

1 

F* 

MOV 

Redirect 

Move direct byte to register 

2 

2 

A* 

MOV 

Rr,#data 

Move immediate data to register 

2 

1 

7* 

MOV 

dlrect,A 

Move A to direct byte 

2 

1 

F5 

MOV 

direct, Rr 

Move register to direct byte 

2 

2 

8* 

MOV 

direct,direct 

Move direct byte to direct 

3 

2 

85 

MOV 

direct, <a>Ri 

Move indirect RAM to direct byte 

2 

2 


MOV 

direct, #data 

Move immediate data to direct byte 

3 

2 

75 

MOV 

@Ri,A 

Move A to indirect RAM 

1 

1 

F6, F7 

MOV 

<g)Ri, direct 

Move direct byte to indirect RAM 

2 

2 

A6,A7 

MOV 

@Ri.#data 

Move immediate data to indirect RAM 

2 

1 

76,77 

MOV 

DPTR,#data16 

Load data pointer with a 16-bit constant 

3 

2 

90 

Move 

A,<§>A+DPTR 

Move code byte relative to DPTR to A 

1 

2 

93 

Move 

A,@A-hPe 

Move code byte relative to PC to A 

1 

2 

83 

MOVX 

A.@Ri 

Move external RAM (8-bit address ) to A 

1 

2 

E3, E3 

MOVX 

A,@DPTR 

Move external RAM (16-bit address) to A 

1 

2 

EO 

MOVX 

<3>Ri,A 

Move A to external RAM (8-bit address) 

1 

2 

F2, F3 

MOVX 

@DPTR,A 

MOV A to external RAM (16-bit address) 

1 

2 

FO 

PUSH 

direct 

Push direct byte onto stack 

2 

2 

CO 

POP 

direct 

Pop direct byte from stack 

2 

2 

DO 

xeH 

A,Rr 

Exchange register with A 

1 


C* 

xeH 

A, direct 

Exchange direct byte with A 

2 


C5 
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Table 5. Instruction Set Description (Continued) 




BYTES/ 

OPCODE 

MNEMONIC 

DESCRIPTION 

CYCLES 

(HEX.) 


Data Transfer (continued) 


XCH 

A.@Ri 

Exchange indirect RAM with A 

1 

1 

C6. C7 

XCHD 

A,@Ri 

Exchange LOW-order digit indirect RAM with A 

1 

1 

D6, D7 

Boolean Variable Manipulation | 

CLR 

C 

Clear carry flag 

1 1 C3 

2 1 C2 

1 1 D3 

2 1 D2 

1 1 B3 

2 1 B2 

2 2 82 

2 2 BO 

2 2 72 

CLR 

bit 

Clear direct bit 

SETB 

C 

Set carry flag 

SETB 

bit 

Set direct bit 

CPU 

C 

Complement carry flag 

CPL 

bit 

Complement direct bit 

ANL 

C.bit 

AND direct bit to carry flag 

ANL 


AND complement of direct bit to carry flag 

ORL 

C.bit 

OR direct bit to carry flag 

ORL 

C,/bit 

OR complement of direct bit to carry flag 

2 

2 

AO 

MOV 

C.bit 

Move direct bit to carry flag 

2 

1 

A2 

MOV 

bit.C 

Move carry flag to direct bit 

2 

2 

92 

I Program and Machine Control | 

ACALL 

addril 

Absolute subroutine call 

2 2 **1addr 

3 2 12 

1 2 22 

1 2 32 

2 2 ***1addr 

3 2 02 

2 2 80 

1 2 73 

2 2 60 

2 2 70 

2 2 40 

2 2 50 

3 2 20 

3 2 30 

3 2 10 

3 2 B5 

3 2 B4 

3 2 B* 

3 2 B6. B7 

2 2 D* 

3 2 D5 

1 1 00 

LCALL 

addrie 

Long subroutine call 

RET 


Return from subroutine 

RETI 


Return from interrupt 

AJMP 

addril 

Absolute jump 

UMP 

addrIS 

Long jump 

SJMP 

rel 

Short jump (relative address) 

JMP 

@A+DPTR 

Jump indirect relative to the DPTR 

JZ 

rel 

Jump If A is zero 

JNZ 

rel 

Jump if A is not zero 

JC 

rel 

Jump if carry flag is set 


rel 

Jump if no carry flag 

JB 

bit. rel 

Jump if direct bit is set 

JNB 

bit. rel 

Jump if direct bit is not set 

JBC 

bit.rel 

Jump if direct bit is set and clear bit 


A.direct.rel 

Compare direct to A and jump if not equal 


A.#data.rel 

Compare immediate to A and jump if not equal 

CJNE 

Rr.#data.rel 

Compare immediate to register and jump if not equal 

CJNE 

@Ri,#data,rel 

Compare immediate to ind. and jump if not equal 

DJNZ 

Rr.rel 

Decrement register and jump if not zero 

DJNZ 

direct, rel 

Decrement direct and jump if not zero 

NOP 


No operation 
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NOTES TO TABLE 5: 

Data addressing modes 

Rr Working register R0-R7. 

direct 1 28 internal RAM locations and any special function register (SFR). 

(§>Ri Indirect internal RAM location addressed by register RO or R1 . 

#data 8-bit constant included in instruction. 

#data 16-bit constant included in instruction, 

bit Direct addressed bit in internal RAM or SFR. 

addr16 16-blt destination address. Used by LCALL and LJMP. The branch will be anywhere within the 64K-byte program 
memory address space. 

addril 11 -bit destination address. Used by ACALL and AJMP. The branch will be within the same 2K-byte page of program 
memory as the first byte of the following instruction. 

rel Signed (two’s complement) 8-bit offset byte. Used by SMJP and all conditional jumps. Range is -128 to +1 28 bytes 

relative to first byte of the following instruction. 

Flexadecimal opcode cross-reference 
* : 8. 9, A. B ,C ,D ,E .F. 

** ; 11,31,51.71.91. B1. D1. FI. 

*** : 01. 21, 41, 61. 81, A1. Cl. El. 
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DOTTED UNES 
ARE VAUO WHEN 
RDORWR 
ARE ACTIVE 


ONLY ACTIVE 
DURING A READ 
FROM EXTERNAL 
DATA MEMORY 
ONLY ACTIVE 
DURING A WRITE 
TO EXTERNAL 
DATA MEMORY 


EXTERNAL 

PROGRAM 

MEMORY 

FETCH 


ONE MACHINE CYCLE 


ONE MACHINE CYCLE 


S2 

S3 

S4 

ss 

S6 

SI 

S2 

S3 

S4 

S5 

S6 


PI P2 

Pi P2 

PI P2 

Pi P2 

PI P2 

PI P2 

PI P2 

Pi P2 

Pi P2 

Pi P2 

PI P2 


m 

fUU 

m 

m 

fUU 

m 

fUU 

fUU 

m 

m 

fUU 



I i~ i n 


u 


BUS 

(PORTO) 



READ OR WRITE . 
OF EXTERNAL < 
DATA MEMORY 


BUS 

(PORTO) 




ADDRESS! 

A0-A7 


DATA OUTPUT OR DATA INPUT 


H 


^DR^^ 

A0-A7 


V PORT 2 


ADDRESS A8-A15 I ADDRESS A8-A1 5 OR PORT 2 OUT ADDRESS AB-AIS 


PORT 0^2,3 - 
OUTPUT 


PORT1 

OUTPUT 


PORT 0,2,3 
INPUT ■ 


SERIAL 

PORT 

CLOCK 


SAMPUNG TIME OF I/O PORT HNS DURING INPUT 


Figure 21. Instruction Cycle Timing 
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3.0 RATINGS 

ABSOLUTE MAXIMUM RATINGS 

Limiting values in accordance with the Absolute Maximum System (lEC 134) 



PARAMETER 

LIMITS 

UNIT 

MIN 


Vdd 

Supply voltage (Pin 40) 

-0.5 

6.5 

V 

V, 

All Input voltages 

-0.5 

Vdd+0.5 

V 

l|. lo 

DC current into any input or output 

- 

5 

mA 

Ptot 

Total power dissipation 

- 

300 

mW 

Tstg 

Storage temperature range 

-65 

+150 

°C 

Tamb 

Operating ambient temperature range 

-40 

+85 

°C 

T] 

Operating junction temperature 

- 

125 
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4.0 DC ELECTRICAL CHARACTERISTICS 

Vdd = 1 -SV to 6V; Vss = OV; Tanto = -40°C to -r85°C, all voltages with respect to Vss; unless otherwise specified. 




TEST 

UMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Vdd 

Supply voltage 


1.8 

B 

6.0 

■1 


RAM retention voltage in power-down mode 


1.0 

B 

6.0 

MB 

bo 

Power supply current: 

Operating (note 1) 

VDD = 5V;fdk=12MHz 









Vdd = 3V; fdk = 3.58 MHz 

- 

— 

tbf 

pA 


Idle mode (note 2) 

VDD = 5V;fdk=12MHz 

- 

- 

tbf 

mA 



Vdd = 3V;fcik = 3.58 MHz 

— 

— 

tbf 

HBSII 

•pD 

Power-down mode (note 3) 

VDD = 1.8V;Ta^ = 25°C 

- 

- 

10 

BSI 

V,L 

Input low voltage (note 6) 



— 

0.3Vdd 

HDH 

V,H 

Input high voltage (note 6) 


O.TVdd 

_ 

Vdd 

V 

Iql 

Output sink current LOW, except SDA, SCL 

Vdd = 5v;Vol = 0.4V 

1.6 

— 

— 

mA 




0.7 

— 

— 



Output sink current, SDA, SCL 


3.0 

— 

- 


-•oh 

Output source current HIGH, push-pull options only 


1.6 

— 

— 

mA 



Vdd = 3v; Vqh = Vdd-0.4V 

0.7 

— 

— 

mA 

-IlL 

Input current logic 0 

Vdd = 5v;Vin = 0.4V 

— 

— 

100 

pA 




— 

— 

50 

pA 

-Itl 

Input current logic 0, 1 -to-0 transition 


— 

— 

1.0 

mA 




- 

— 

500 

pA 

±Ili 

Input leakage current (port PO, EA) 

Vss < V| < Vdd 

- 

— 

10 

pA 

Rrst 

RST pull-down resistor 


10 

- 

200 

kii 


NOTES: 


1 . The operating supply current is measured with all output pins disconnected; XTAL1 driven with t^ = ^ = 10ns: V|l = Vss +0.5V: 

V|H = Vdd -0.5V: XTAL2 not connected; EA = RST + Port 0 = Vpo- 

2. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with t^ = tf = 10ns; Vss = 0.5V: V|h = Vdd -0.5V; 
XTAL2 not connected; EA = RST -i- Port 0 = Vdd- 

3. The power-down current is measured with all output pins disconnected; XTAL1 not connected; EA = PortO = Vdd.’ RST = Vss- 

4. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the LOW level output voltage of ALE, Port 
1 and Port 3 pins when these pins make a 1 -to-0 transition during bus operations. In the most adverse conditions (capacitive loading 

>100 pF) the noise pulse on the ALE line may exceed 0.8 V. In this event it may be required to qualify ALE with a Schmitt trigger, or use 
an address latch with a Schmitt trigger strobe input. 

5. Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and PSEN to momentarily fall below the 0.9% of 
Vdd spedfication when the address bits are stabilizing. 

6. The input threshold voltage of PI .6/SCL and PI .7/SDA meet the I^C-bus specification, so an Input voltage below 0.3 Vdd will be recognized 
as a logic 0, while an input voltage above 0.7 Vdd will be recognized as a logic 1 . 
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5.0 AC CHARACTERISTICS 
AC ELECTRICAL CHARACTERISTICS 

Vqd = 5V±10%; Vss = OV; Tamb = -40°C to +85°C: Cl = 50pF for Port 0, ALE and PSEN; Cl = 80pF for ail other outputs 
unless otherwise specified. 




12MHz CLOCK 

VARIABLE CLOCK 


SYMBOL 

PARAMETER 

MIN 

MAX 

MIN 

MAX 

UNIT 


Program Memory (see Figure 29) 


tLL 

ALE pulse duration 

127 

— 

2tcK-40 

— 

ns 

Ul 

Address set-up time to ALE 

43 

— 

tcK-40 

— 

ns 

tLA 

Address hold time after ALE 

48 

— 

tcK-35 

- 

ns 

tLC 

Time from ALE to control pulse PSEN 

58 

— 

tcK-25 

— 

ns 

^LIV 

Time from ALE to valid instruction input 

— 

233 

— 

4tcK-100 

ns 

tcc 

Control pulse duration PSEN 

215 

— 

3tcK~35 

- 

ns 

fciv 

Time from PSEN to valid instruction input 

— 

125 

— 

3tcK-125 

ns 

tci 

Input instruction hold time after PSEN 

0 

— 

0 

— 

ns 

tciF 

Input Instruction float delay after PSEN 

— 

63 

— 

tcK-20 

ns 

tAC 

Address valid after PSEN 

75 

— 

tCK-8 


ns 

Uiv 

Address to valid instruction input 

— 

302 

— 


ns 

tAFC 

Address float time to PSEN 

12 

__ 

0 

— 

ns 


AC ELECTRICAL CHARACTERISTICS 

Vdd = 5V: Vss = OV; Tarhb = -40°C to +85°C; Cl = 50pF for Port 0; ALE and PSEN. Cl = 40pF for all other outputs unless otherwise specified. 




12MHz CLOCK 

VARIABLE CLOCK 


SYMBOL 

PARAMETER 

MIN 

MAX 

MIN 

MAX 

UNIT 


External Data Memory (see Figures 30 and 31) 


tRR 

RD pulse duration 

400 

— 

eicK-ioo 

— 

ns 

tww 

WR pulse duration 

400 

— 


— 

ns 

tLA 

Address hold time after ALE 

48 

— 


— 

ns 

tRD 

RD to valid data input 

— 

150 

— 


ns 

bFR 

Data float delay after RD 

— 

97 

— 

2tcK-70 

ns 

tLD 

Time from ALE to valid data input 

— 

517 

— 


ns 

tAD 

Address to valid data input 

— 

585 

— 


ns 

Ilw 

Time from ALE to RD and WR 

200 

300 


3tcK+50 

ns 

Iaw 

Time from address to RD or WR 

203 

— 

4 

— 

ns 

tWHLH 

Time from RD or WR HIGH to 

ALE HIGH 

43 

123 

tcK“130 

tCK-40 

tcK+40 

ns 

towx 

Data valid to WR transition 

23 

— 

tcK-60 

_ 

ns 

bw 

Data set-up time before WR 

433 

- 

T^tCK'ISO 

- 

ns 

twD 

Data hold time after WR 

33 

— 

tcK-SO 

— 

ns 

tAFR 

Address float delay after RD 

— 

12 

— 

12 

ns 


NOTES: 

1 . Interfacing the 83CL781 to devices with float times up to 75ns is permitted. This limited bus contention will not cause damage to 
Port 0 drivers. 
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Figure 24. Write to Data Memory 
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FEATURES 

• Full Static 80C51 CPU 

• 8-bit CPU, ROM, RAM, I/O in a single 
package 

• 16K X 8 ROM, expandable externally to 
64 K bytes 

• 256 bytes RAM, expandable externally to 
64 K bytes 

• Four 8-bit ports, 32 I/O lines 

• Three 1 6-bit timer/event counters 

• External memory expandable up to 128K, 
external ROM up to 64K and/or RAM up to 
64K 

• On-chip oscillator suitable for RC, LC, 
quartz crystal or ceramic resonator 

• Fifteen source, fifteen vector interrupt 
structure with two priority levels 

• Full duplex serial UART 


• I^C bus interface for serial transfer on two 
lines. 

• Enhanced architecture with: 

- non-page oriented instructions 

- direct addressing 

- four eight-byte RAM register banks 

• stack depth limited only by available 
internal RAM (max. 256 bytes) 

- multiply, divide, subtract and compare 
instructions 

• STOP and IDLE instructions 

• Wake-up via external interrupts at Port 1 

• Single supply voltage of 1.8V to 6.0V 

• Frequency range of 32KHz to 12MHz 

• 1 2MHz operation at 3V 

• Very low current consumption 

• Operating temperature range: -25 to +55°C 


GENERAL DESCRiPTION 

The 83CL782 Is manufactured In an 
advanced CMOS technology. The instruction 
set of the 83CL782 is based on that of the 
8051 . The 83CL782 is an 8-bit general 
purpose microcontroller especially suited for 
cordless telephone applications. The device 
has low power consumption and a wide range 
of supply voltage. For emulation purposes, 
the 85CL781 (Piggyback version) with 256 
bytes of RAM is recommended. The 
83CL782 has two software selectable modes 
of reduced activity for further power 
reduction: Idle and Power-down. The 
83CL782 also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
Instructions: 49 one-byte, 46 two-byte, and 16 
three-byte. 


ORDERING INFORMATION 


PHILIPS PART ORDER 
NUMBER PART MARKING 

PHILIPS NORTH AMERICA ^ 
PART ORDER NUMBER 


ROM less 

ROM 

ROMIess 

ROM 

TEMPERATURE RANGE 

AND PACKAGE 

FREQUENCY 

DRAWING 

NUMBER 

P80CL782HDP 

P83CL782HDP 

P80CL782HD N 

P83CL782HD N 

-25 to +55 40-Pin Plastic DIP ^ 

32KHz to 12MHz 

SOT129 

P80CL782HDH 

P83CL782HDH 

P80CL782HD B 

P83CL782HD B 

-25 to +55 44-Pin Plastic QFP 2 

32KHz to 12MHz 

SOT205 


NOTES: 

1. DIP = Dual In-line Package 

2. QFP = Quad Flat Pack 

3. Parts ordered by the Philips North America part number will be marked with the Philips part marking. 
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PIN CONFIGURATIONS 


INT2/P1.0 [T 


^ Vdd 

INT3rr2EX P 1.1 jT 


^ PO.(VADO 

INT4/P1.2 [3 


^ P0.1/AD1 

INT5/P1.3 [T 


^ P0.2rAD2 

INT6/P1.4 [T 


^ P0.3/AD3 

INT7/P1.5 [T 


^ P0.4/AD4 

SCUINT8P1.6 [T 


^ P0.5/AD5 

SOA/1NT9P1.7 [T 


^ P0.e/AD6 

RST [9 


^ P0.7/AD7 

RxD/data P3.0 

DUAL 

3?] EA 

TxD/ciock P3.1 [iT 

IN-UNE 

PACKAGE 

^ ALE 

TNrro/P3.2 [« 


^ P5EN 

IRTr/P3.3 [l3 


^ P2.7/A15 

T0/P3.4 


13 P2.6/A14 

T1/P3.5 [« 


^ P2.S/A13 

WR/P3.6 [« 


is] P2,4/A12 

RD/P3.7 


^ P2.3/A11 

XTAL2 


^ P2.2/A10 

XTAL1 [jI 


m P2.1/A9 

vss 


^ P2.<VA8 


ID lA « tS N 

^ z z z z 

ol CL Sl Sl Z H 


p V- M M 

o o o o 

g§ 2 

> s £ s s 


raiiillKlNW^NFINISIR 


P1.MNT7 [T 
P1.6/INT8 [T 
P1.7/INT9 [£ 
RST [T 
P3.0rRXD/cl«ta [T 
NC [T 
P3.1/TXD/clocfc [T 
P3.2/tWTO (T 
P3.3/ffnT [£ 

P3.4/TO [W 
P3.5rTl [iT 


PLASTIC QUAD 
FLAT PACK 


5 ^ ^ s? s! Si 


^ P0^AD4 
^ P0.5/AD5 
^ P0.6rAD6 
^ P0.7/AD7 
EA 
NC 

[ 27 ] ALE 
P5ER 
PZ7/A15 

R P2.6/A14 
P2.5/A13 


s. 


& & 
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PIN DESCRIPTION 


PIN 

DESIGNATION 

FUNCTION 

40 

P1.0/INT2n’2 

Port 1 : Port 1 is an 8-bit bidirectional I/O port with internal pullups. Port 1 pins that 

41 

P1.1/INT3T2EX 

have Is written to them are pulled HIGH by the internal pullups, and in that state 

42 

P1.2/INT4 

can be used as inputs. The Port 1 output buffer can sinIVsource 4 LS TTL loads. As 

43 

P1.3/INT5 

inputs, Port 1 pins that are externally pulled LOW will source current (Iil in the 

44 

P1.4/INT6 

characteristics) due to the internal pullups. 

P1.5/INT7 

Port 1 also serves the alternative functions INT2 to INT9, and Timer T2 external 

1 

2 

3 

P1.6/INT8 

P1.7/INT9 

input. 

4 

RST 

Reset: A high level on this pin for two machine cycles while the oscillator is running 
resets the device. 

5, 7-13 

P3.0 - P3.7 

Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. The Port 3 
output buffers can sink/source 4 LS TTL inputs. Port 3 pins that have Is written to 
them are pulled HIGH by the internal pull-ups, and in that state can be used as 
inputs. As inputs. Port 3 pins that are externally pulled LOW will source current (I|l 
in the characteristics) due to the internal pull-ups. 

5 

P3.0/RxD/data 

RXD/data: serial port receiver data input (asynchronous) or data input/output 
(synchronous) 

7 

P3.1/TxD/dock 

TXD/clock: serial port transmitter data output (asynchronous) or clock output 
(synchronous) 

8 

P3.2/1NT0 

INTO: external interrupt 0. 

9 

P3.3/TNTT 

INTT: external interrupt 1. 

10 



P3.4/T0 

TO: Timer 0 external input. 

11 

P3.5/T1 

T1 : Timer 1 external Input. 

12 

P3.6/WR 

WR: external data memory write strobe. 

13 

P3.7/Tfn 

RD: external data memory read strobe. 

14 

XTAL2 

Crystal output; output of the inverting amplifier of the oscillator. Left open when 
external clock is used. 

15 

XTAL1 

Crystal input; input to the inverting amplifier of the oscillator, also the input for an 
externally generated clock source. 

16 

Vss 

Ground; circuit ground potential. 

17 

Test / Vss 

Test input: must be connected to Vss o'" left open. 

18-25 

P2.0 - P2.7 

Port 2; Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that 
have Is written to them are pulled HIGH by the internal pull-ups, and in that state 
can be used as inputs. The Port 2 output buffer can sinlVsource 4 LS TTL loads. 

Port 2 emits the high-order address byte during accesses to external memory that 
use 16-bit addresses (MOVX (2>DPTR). In this application it uses the strong internal 
pullups when emitting Is. During accesses to external memory that use 8-bit 
addresses (MOVX <g)Ri). Port 2 emits the contents of the P2 Special Function 
Register. 

26 

PSER 

Program store enable output; read strobe to external program memory. When 
executing code out of external program memory, PSEN is activated twice each 
machine cycle. However, during each access to external data memory two PSEN 
activations are skipped. 

27 

ALE 

Address Latch Enable; output pulse for latching the low byte of the address during 
access to external memory. ALE is emitted at a constant rate of 1/6 of the oscillator 
frequency, and may be used for external timing or clocking purposes. 

29 

FA 

External Access; When FA is held High the CPU executes out of internal program 
memory (unless the program counter exceeds OFFFH). Holding FA LOW forces the 
CPU to execute out of external memory regardless of the value of the program 
counter. 

30-37 

PO.O - P0.7 

Port 0; Port 0 is an 8-bit open drain bidirectional I/O port. As an open drain output 
port it can sink 8 LS TTL loads. Port 0 pins that have 1 s written to them float, and in 
that state will function as high impedance inputs. Port 0 is also the multiplexed low 
order address and data bus during access to external memory. In this application it 
uses strong internal pull-ups when emitting logic Is. 

38 

Vdd 

Power supply. 
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BLOCK DIAGRAM 



1.0 FUNCTIONAL DESCRIPTION 
General 

The 83CL782 is a stand-alone 
high-performance CMOS microcontroller 
designed for use in real-time applications 
such as instrumentation, industrial control, 
intelligent computer peripherals and 
consumer products. 

The device provides hardware features, 
architectural enhancements and new 
instructions to function as a controller for 
applications requiring up to 64K bytes of 
program memory and/or up to 64K bytes of 
data storage. 

The 83CL782 contains a non-volatile 16K 
byte X 8 read-only program memory; a static 
256 byte x 8 read/write data memory; 32 I/O 


lines; three 16-bit timer/event counters; a 
fifteen-source two priority-level, nested 
interrupt structure and on-chip oscillator and 
timing circuit. 

The device has two software selectable 
modes of reduced activity for power 
reduction; IDLE and Power-down. The Idle 
mode freezes the CPU while allowing the 
RAM, timers, serial I/O and interrupt system 
to continue functioning. The Power-down 
mode saves the RAM contents but freezes 
the oscillator causing all other chip functions 
to be inoperative. 

In addition, the device provides an I^C-bus 
serial I/O port with byte oriented master and 
slave functions, which allows communication 
with the whole family of I^C-bus compatible 
ICs and a standard UART serial interface. 


CPU timing 

A machine cycle consists of a sequence of 6 
states. Each state time lasts for two oscillator 
periods, thus a machine cycle takes 12 
oscillator periods or 1 ps if the oscillator 
frequency is 1 2 MHz. 

2 .1 Memory organization 

The 83CL782 has a 16K Program Memory 
(ROM) plus 256 bytes of Data Memory 
(RAM) on board. The device has separate 
address spaces for Program and Data 
Memory (see Figure 1). Using Ports PO and 
P2, the 83CL782 can address up to 64K 
bytes of external memory. The CPU 
generates both read and write signals (RD 
and WR) for external Data Memory accesses, 
and the read strobe (PSEN) for external 
Program Memory. 
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2.1.1 Program Memory 

The 83CL782 contains 16K bytes of internal 
ROM. After reset the CPU begins execution 
at location OOOOH, The lower 16K bytes of 
Program Memory can be implemented in 
either on-chip ROM or external Memory. If 
the EA pin is strapped to Vdd. then program 
memory fetches from addresses OOOH 
through 3FFFH are directed to the internal 
ROM. Fetches from addresses 4000H 
through FFFFH are directed to external ROM. 
Program counter values greater than 3FFFH 


are automatically addressed to external 
memory regardless of the state of the EA pin. 

2.1.2 Data Memory 

The 83CL782 contains 256 bytes of internal 
RAM and 38 Special Function Registers 
(SFR). Figure 1 shows the internal Data 
Memory space divided into the Lower 128, 
the Upper 128, and the SFR space. Internal 
RAM locations 0-1 27 are directly and 
indirectly addressable. Internal RAM 
locations 1 28-255 are only indirectly 
addressable. The special function register 


locations 128-255 are only directly 
addressable. 

2 .1.3 Special Function Registers 
The upper 1 28 bytes are the address 
locations of the SFRs. Figure 3 shows the 
Special Function Register (SFR) space. 
SFRs include the port latches, timers, 
peripheral control, serial I/O registers, etc. 
These registers can only be accessed by 
direct addressing. There are 128 bit 
addressable locations in the SFR address 
space (SFRs with addresses divisible by 
eight). 


FUNCTIONAL DIAGRAM 
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641 



PROGRAM MEMORY INTERNAL DATA MEMORY EXTERNAL 

DATA MEMORY 


Figure 1. Memory Map 
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2.1.4 Addressing 

The 83CL782 has five methods for 
addressing source operands: 

• Register 

• Direct 

• Register-Indirect 

• Immediate 

• Base-Register-plus Index-Register-indirect 

The first three methods can be used for 
addressing destination operands. Most 
instructions have a "destination/source” field 
that specifies data type, addressing methods 
and operands involved. For operations other 
than MOVs, the destination operand is also a 
source operand. 

Access to memory addressing is as follows: 

• Registers in one of the four register banks 
through register, direct or indirect. 

• Internal RAM (256 bytes) through direct or 
register-indirect. 

• Special Function Register through Direct. 

• External data memory through 
Register-Indirect 

• Program memory look-up tables through 
Base-Register-plus index-Register-indirect. 


2 .2 I/O facilities 

2 .2.1 Ports 

The 83CL782 has 32 I/O lines treated as 32 
individually addressable bits or as four 
parallel 8-bit addressable ports. Port 0,1,2 
and 3 perform the following alternate 
functions: 

• Port 0: provides the multiplexed low-order 
address and data bus for expanding the 
device with standard memories and 
peripherals. 

• Port 1 : (1 ) provides the inputs for the 
external interrupts INT2/ INTO; (2) External 
counter/capture of Timer 2; (3) I^C bus 

• Port 2: provides the high-order address 
when expanding the device with external 
program or data memory. 

• Port 3: pins can be configured individually 
to provide: (1) external interrupt request 
inputs; (2) counter input; (3) control signals 
to read and write to external memories; and 
(4) DART input and output. 

To enable a Port 3 pin alternate function, the 
Port 3 bit latch in its SFR must contain a logic 
1 . 

Each port consists of a latch (Special 
Function Registers PO to P3), an output 
driver and an input buffer. Ports 1,2,3 have 
internal pull-ups. Figure 4(a) shows that the 
strong transistor pi is turned on for only 2 


oscillator periods after a O-to-1 transition in 
the port latch. When on, it turns on p3 (a 
weak pull-up) through the inverter. This 
inverter and p3 form a latch which hold the 1 . 
In Port 0 the pull-up pi is only on when 
emitting 1 s for external memory access. 
Writing a 1 to a Port 0 bit latch leaves both 
output transistors switched off so the pin can 
be used as a high-impedance input. 

2 .2.2 Port Options 
30 of the 32 parallel port pins (excluding PI. 6 
and PI .7 with fixed option ’2S') may be 
individually configured with one of the 
following options (see Figure 5): 

Option 1 : Standard Port; quasi-bidirectional 
I/O with pull-up. The strong booster pull-up 
pi is turned on for two oscillator periods after 
a O-to-1 transition in the port latch (see Figure 
4(a)). 

Option 2: Open drain; quasi-bidirectional I/O 
with n-channel open drain output. Use as an 
output requires the connection of an external 
pull-up resistor (see Figure 4(c)). 

Option 3: Push-Pull; output with drive 
capability in both polarities. Under this option, 
pins can only be used as outputs (see Figure 
4(b)). 

Individual mask selection of the post-reset 
state Is available on any of the above pins. 
Make your selection by appending ”S" or "R" 
to option 1 ,2, or 3 above. 
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External Memory Accesses 

Option 1 ; True 0 and 1 are written as address 

to the external memory (strong pull-up is 

used). 

Option 2: An external pull-up resistor is 
needed for external accesses. 

Option 3: Not allowed for external memory 
accesses as the port can only be used as 
output. 

I/O Accesses 

Option 1 : When writing a 1 to the port-latch, 
the strong pull-up pi will be on for 2 oscillator 
periods. No weak pull-up exists. Without an 
external pull-up, this option can be used as a 
high-impedance input. 

Option 2: Open drain; quasi-bidirectional I/O 
with n-channel open drain output. Use as an 
output requires the connection of an external 
pull-up resistor (see Figure 4(c}}. 

Option 3: Push-Pull; output with drive 
capattility in both polarities. Under this option, 
pins can only be used as outputs. 

Option S; SET; after reset this pin will be 
initialized HIGH. 

Option R: RESET; after reset this pin will be 
initialized LOW. 


2 .3 Timer/event counter 

The 83CL782 contains three 16-bit 
Timer/Counter registers; Timer 0, Timer 1 , 
and Timer 2 which can perform the following 
functions; 

• Measure time Intervals and pulse durations 

• Count events 

• Generate interrupts requests 

Timer 0 and Timer 1 can be Independently 
programmed to operate as follows: 

• Mode 0: 8-bit timer or counter with 
divide-by-32 prescaler 

• Mode 1: 16-bit time-interval or event 
counter 

• Mode 2: 8-bit time interval or event counter 
with automatic reload upon overflow 

• Mode 3: Timer 0 establishes TLO and THO 
as two separate counters. 

In the "Timer” function, the register is 
incremented every machine cycle. Since a 
machine (^cle consists of 1 2 oscillator 
periods, the count rate is 1/12 of the oscillator 
frequency. 

In the "Counter" function, the register Is 
incremented in response to a 1-to-O 


transition. Since it takes 2 machine cycles (24 
oscillator periods) to recognize a 1-to-O 
transition, the maximum count rate is 1/24 of 
the oscillator frequency. To ensure a given 
level is sampled, it should be held for at least 
one full machine cycle. 

1.3.1 Timer 2 

Timer 2 Is a 16-bit Timer/Counter. Like Timers 
0 and 1 , it can operate either as a timer or as 
an event counter. This is selected by bit C/T2 
in the Special Function Register T2CON 
(Figure 5). It has three operating modes, 
"capture”, "auto-load” and "baud rate 
generator”, which are selected by bits in 
T2CON as shown In Table 1 . 


Table 1. Timer 2 Operating 
Modes 


RTCLK 

CP/RC5 

TR2 

MODE 

0 

0 

1 

16-Bit 

Auto-reload 

0 

1 

1 

16-Bit 

Capture 

1 

x 

1 

Baud Rate 
Generator 

x 

x 

0 

(Off) 


(MSB) (LSB) 


I TF2 

EXF2 

GF2 

RTCLK 

EXEN2 

TR2 

C/15 

CP/IO 


Symbol 

Position 

Name and Significance 

TF2 

T2CON 

Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by 
software. TF2 will not be set when either RCLK = 1 or TCLK = 1 . 

Timer 2 external flag set when either a capture or reload is caused by a 

EXF2 

T2CON 

negative transition of T2EX and EXEN = 1 . When Timer 2 Interrupt is enabled, EXF2 -i- will 
cause the CPU to vector to the Timer 2 interrupt routine. EXF2 must be cleared by software. 

RTCLK 

T2CON.4 

Transmit clock flag. When set, causes the serial port to use Timer 2 overflow pulses for its 
receive and transmit clock in modes 1 and 3. TLCK = 0 causes Timer 1 overflows to be used 
for the receive and transit clock. 

EXEN2 

T2CON.3 

Timer external enable flag. When set, allows a capture or reload to occur as a result of a 
negative transition on T2EX if Timer 2 is not being used to clock the serial port. EXEN2 = 0 
causes Timer 2 to Ignore events at T2EX. 

TR2 

T2C ON.2 

Start/stop control for Timer 2. A logic 1 starts the timer. 

crT2 

T2CON.1 

Timer or counter select. (Timer 2) 

0 = Internal timer (OSC/1 2) 

1 = External event counter (falling edge triggered) 

CP/RE^ 

T2CON.O 

Capture/Reload flag. When set, captures will occur on negative transitions at T2EX if EXEN 
= 1. When cleaned, auto-reloads will occur either with Timer 2 overflows or negative 
transitions at T2EX when EXEN 2 == 1 . When either RCLK = 1 or TCLK = 1 , this bit is ignored 
and the timer is forced to auto-reload on Timer 2 overflow. 

GF2 


General purpose flag bit 

Figure 5. T2CON: Timer/Counter 2 Control Register 
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In the Capture Mode there are two options 
which are selected by bit EXEN2 in T2CON. 
If EXEN2=0, then Timer 2 is a 16-blt timer or 
counter which upon overflowing sets bit TF2, 
the Timer 2 overflow bit, which can be used 
to generate an interrupt. If EXEN2=f , then 
Timer 2 still does the above, but with the 
added feature that a 1 -to-0 transition at 
external input T2EX causes the current value 
in the Timer 2 registers, TL2 and TH2, to be 
captured into registers RCAP2L and 
RCAP2H, respectively. In addition, the 
transition at T2EX causes bit EXF2 in 
T2CON to be set, and EXF2, like TF2, can 
generate an interrupt. The Capture Mode is 
illustrated in Figure 6. 

In the auto-reload mode there are again two 
options, which are selected by bit EXEN2 in 


T2CON. If EXEN2=0, then when Timer 2 rolls 
over it not only set TF2 but also causes the 
Timer 2 registers to be reloaded with the 
16-blt value in registers RCAP2L and 
RCAP2H, which are preset by software. If 
EXEN2=1 , the Timer 2 still does the above, 
but with the added feature that a 1-to-O 
transition at external input T2EX will also 
trigger the 16-blt reload and set EXF2. 

The auto-relaod mode is illustrated in Figure 
7. 

The baud rate generator mode is selected by 
RTCLK=1 . It will be described In conjunction 
with the serial port. 

Conversion already in progress is aborted 
when the Power-down mode Is entered. The 


result of a completed conversion (ADCI = 
logic 1) remains unaffected when entering the 
Idle mode. 

2 A Idle and Power-down 
Operation 

Idle mode operation permits the interrupt, 
serial ports, timer blocks continue functioning 
while the clock to the CPU is halted. 

The following functions remain active during 
Idle mode. These functions may generate an 
interrupt or reset and thus end the Idle mode. 

• Timer 0, Timer 1 , Timer 2 

• SIO, |2C 

• External interrupt 



EXEN2 

Figure 6. Timer 2 in Capture Mode 



EXEN2 

Figure 7. Timer 2 in Auto<Reload Mode 
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The Power-down operation freezes the 
oscillator. The Power-down mode can only be 
activated by setting the PD bit in the PCON 
register. 

2 .4.1 Power control register (PCON) 

These special modes are activated by 
software via the Special Function Register 
PCON. Its hardware address is 87H. (PCON 
is not bit addressable.] 


7654321 0 



MSB LSB 


BIT SYMBOL FUNCTION 

PCON.7 SMOD Double Baud rate 

bit. When set to 
logic 1 the baud rate 
is doubled when the 
serial port SlOO is 
being used in 1 , 2, 
or 3. 

PCON.6 - (reserved) 

PCON. 5 - (reserved) 

PCON. 4 - (reserved) 

PCON.3 GF1 General-purpose 

flag bit 

PCON.2 GFO General-purpose 

flag bit 

PCON.1 PD Power-down bit. 

Setting this bit 
activates 

Power-down mode. 

PCON.O IDL Idle mode bit. 

Setting this bit 
activates the Idle 
mode. 

If logic 1s are written to PD and IDL at the 
same time, PD takes precedence. The reset 
value of PCON is (OXXOOOOO). 

2 .4.2 Power-down mode 

The instruction setting PCON.1 is the last 
executed prior to going into the Power-down 


mode. In Power-down mode the oscillator is 
stopped. The contents of the on-chip RAM 
and SFRs are preserved. The port pins 
output the values held by their respective 
SFRs. ALE and PSEN are held LOW. 

2 .4.3 Wake-up mode 

Setting the PD flag in the PCON register 
forces the controller Into the Power-down 
mode. Setting this flag enables the controller 
to be woken-up from the Power-down mode 
with either the external Interrupts INT2 / INT8, 
or a reset operation. 

The wake-up operation after power-down in 
this controller has two basic approaches: 

2 .4.3.1 Wake-up using INT2/INT9 

If INT2 to INT9 are enabled, the 83CL782 
can be woken-up from power-down mode 
with the external interrupts. To ensure that 
the oscillator is stable before the controller 
restarts, the internal clock will remain inactive 
for 1536 osdilator periods. This is controlled 
by an on-chip delay counter. 

2 .4.3.2 Wake-up using RESET 

To wake-up the 83CL782 the RESET pin has 
to be kept HIGH for a minimum of 24 periods. 
The on-chip delay counter is inactive. The 
user has to ensure that the oscillator is stable 
before any operation is attempted. Figure 8 
illustrates the two possibilities for wake-up. 

2 .4.4 Idle mode 

The instruction that sets PCON.O is the last 
instruction executed in the normal operating 
mode before Idle mode is activated. Once in 
the Idle mode, the CPU status is preserved in 
its entirety: the Stack Pointer, Program 
Counter, Program Status Word, Accumulator, 
RAM and all other registers maintain their 
data during idle mode. The status of the 
external pins during Idle mode Is shown in 
Table 1 . 


There are two methods used to terminate the 
Idle mode. Activation of any enabled interrupt 
will cause PCON.O to be cleared by 
hardware, terminating Idle mode. The 
interrupt is serviced, and following the 
retum-from-Interrupt Instruction RETl, the 
next Instruction to be executed will be the one 
which follows the instruction that wrote a logic 
1 to PCON.O. 

Flag bits GFO and GF1 may be used to 
determine whether the interrupt was received 
during normal execution or during Idle mode. 
For example, the instruction that writes to 
PCON.O can also set or clear one or both flag 
bits. When Idle mode is terminated by an 
interrupt, the service routine can examine the 
status of the flag bits. 

The second method of terminating the Idle 
mode is with an external hardware reset, or 
an internal reset caused by an overflow of 
Timer T3. Since the oscillator is still running, 
the hardware reset is required to be active for 
two machine cycles (24 oscillator periods) to 
complete the reset operation. 

Reset redefines all SFRs, but does not affect 
the on-chip RAM. 

In the Power-down mode, Vqd may be 
reduced to minimize power consumption. 
However, the supply voltage must not be 
reduced until Power-down mode is active, 
and must be held active until the oscillator 
has restarted and stabilized. 

The status of the external pins during Idle 
and Power-down mode is shown in Table 2. If 
the Power-down mode is activated whilst 
accessing external memory, port data held in 
the Special Function Register P2 is restored 
to Port 2. If the data is a logic 1 . the port pin 
is held HIGH during the Power-down mode 
by the strong pull-up transistor pi (see Figure 
4(a)). 
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2 .5 I^C Bus Serial I/O 

The serial port supports the twin line I^C-bus. 
The I^C-bus consists of a data line (SDA) and 
a clock line (SCL). These lines also function 
as I/O port lines PI .7 and PI .6 respectively. 
The system is unique because data transport, 
clock generation, address recognition and 
bus control arbitration are ail controlled by 
hardware. The I^C-bus serial I/O has 


complete autonomy In byte handling and 
operates in four modes; 

• Master transmitter 

• Master receiver 

• Slave transmitter 

• Slave receiver 


These functions are controlled by the SI CON 
register. S1STA is the status register whose 
contents may also be used as a vector to 
various service routines. SI DAT is the data 
shift register and S1ADR the slave address 
register. Slave address recognition is 
performed by hardware. 


Table 2. Status of the External Pins during Idle and Power-down Modes 


PORTS 


Port data 
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Serial Control Register SI CON (D8H) 


CR2 

ENS1 

STA 

STO 

SI 

1 AA 

CRI 

CRO 


CRO, CRI, CR2 These three bits determine the serial clock frequency when SIO is In a master mode. See Table 3. 

AA Assert Acknowledge bit. When the AA flag is set, an acknowledge (low level SDA) will be returned during the 

acknowledge dock pulse on the SCL line when: 

• own slave address is received 

• general call address is 
received (S1ADR.0=1) 

• data byte received while 
device is programmed as 
master 

• data byte received while 
device is a selected slave 

With AA=0, no acknowledge will be returned. Consequently, no Interrupt is requested when the “own slave address" or 
general call address Is received. 

SI SIO Interrupt flag. When the S1 flag is set, an acknowledge Is returned after any one of the following conditions: 

• a start condition is generated in master mode 

• own slave address received during AA=1 

• general call address received while SI ADR.O and AA=1 

• data byte received or transmitted in master mode (even if arbitration is lost) 

• data byte received or transmitted as selected slave 

• stop or start condition received as selected slave receiver or transmitter 

STO STOP flag. With this bit set while in master mode a STOP condition is generated. When a STOP condition Is detected on 

the bus, the SIO hardware clears the STO flag. In the slave mode, the STO flag may also be set to recover from an error 
condition. In this case, no STOP condition is transmitted to the I^C bus. However, the SIO hardware behaves as If a 
STOP condition has been received and releases SDA and SCL. The SIO then switches to the “not addressed" receiver 
mode. The STO flag is automatically cleared by hardware. 

STA START flag. When the STA bit is set in slave mode, the SIO hardware checks the status of the I^C bus and generates a 

START condition if the bus is free. If STA is set while the SIO is in master mode, SIO transmits a repeated START 
condition. 

ENS1 When ENS1 =0, the SIO is disabled. The SDA and SCL outputs are in a high-impedance state; P1 .6 and PI .7 function as 

open drain ports. When ENS=1 , the SIO is enabled. The PI .6 and P 1 .7 port latches must be set to logic 1 . 


Table 3. SCL Frequency 


CR2 

CR1 

CR2 

fosc Divided By 

Bit Rate (kHz) at fosc 

3.58MHz 

6 MHz 

12MHz 

0 

0 

0 

256 

14.0 

23.4 

46.9 

0 

0 

1 

224 

16.0 

26.8 

53.6 

0 

1 

0 

192 

18.6 

31.3 

62.5 

0 

1 

1 

160 

22.4 

37.5 

75.0 

1 

0 

0 

960 

3.73 

6.25 

12.5 

1 

0 

1 

120 

29.8 

50 

100 

1 

1 

0 

60 

59.7 

100 

- 

1 

1 

1 

not allowed 

_ 

_ 
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Status Register S1STA (D9H) 


SC4 

SC3 

SC2 

SCI 

SCO 

□ 

□ 

□ 


S1STA is an 8-blt read-only special function 
register. S1STA.3-S1STA.7 hold a status 
code. S1STA.0-S1STA.2 are held LOW. the 
contents of S1STA may be used as a vector 
to a service routine. This optimizes response 
time of the software and consequently that of 
the I^C bus. 

The following is a list of the status code: 
Abbreviations used; 


SLA: 

7-bit slave address 

R: 

Read bit 

W: 

Write bit 

ACKNOT: 

Acknowlegement 
(acknowledge bit = 0) 

ACK: 

Not Acknowledge 
(acknowledge bit = 1) 

DATA: 

8-bit byte to or from the I^C 
bus 

MST: 

Master 

SLV: 

Slave 

TRX: 

Transmitter 

REC: 

Receiver 


MST/TRX Mode 

SI STA Value 

OSH A START condition has been 
transmitted 

10H A repeated START condition 
has been transmitted 

18H SLA and W have been transmitted, 
AC KNOT received 

28H DATA of S1 DAT has been 
transmitted. ACK received 

30 H DATA of S1 DAT has been 

transmitted, ACKNOT received 

38H Arbitration lost in SLA, R/W or DATA 


SLV/REC Mode 
SI STA Value 


60H 

Own SLA and W have been 
received, ACK returned 

68H 

Arbitration lost in SLA. RW as 
MST. Own SIA and W have 
been received, ACK returned. 

70H 

General Call has been re- 
ceived, ACK returned 

78H 

Arbitration lost in SLA, RW as 
MST General Call has been 
received. 

80H 

Previously addressed with 
own SLA. DATA byte received, 
ACKNOT returned. 

88H 

Previously addressed wtih 
General Call. DATA byte has 
been received. ACK has been 
returned. 

90H 

Previously addressed with 
General Call. DATA byte has 
been received, ACK has been 
returned. 

98H 

Previously addressed with 
General Call. DATA byte has 
been received, ACKNOT has 
been returned. 

AOH 

A STOP condition or repeated 
START condition has been 
received while still addressed 
as SLV/REC or SLV/TRX. 

SLV/TRX Mode 

SI STA Value 

A8H 

Own SLA and R have been 
received, ACK returned 

BOH 

Arbitration lost in SLA, R/W 
as MST Own SLA and R 
have been received, ACK 
returned. 

B8H 

DATA byte has been 
transmitted, ACK received. 

COH 

DATA byte has been trans- 
mitted, ACKNOT received. 


MST/REC Mode 

SI STA Value 

38H 

Arbitration lost while returning 
ACKNOT 

40H 

SLA and R have been 
transmitted, ACK received 

48H 

SLA and R have been 
transmitted, ACKNOT 
received 

50H 

DATA has been received, ACK 
returned 

58H 

DATA has been received, 
ACKNOT returned 


Miscellaneous 
S1 STA Value 

OOH Bus error during MST mode 

or selected SLV mode, due to 
an erroneous START or 
STOP condition. 


Data Shift Register SI DAT (PAH) 





□ 

□ 





This register contains the serial data to be 
transmitted or data that has just been 
received. Bit 7 Is transmitted or received first; 
i.e., data is shifted from left to right. 
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Own Address Register Si ADR 
(DBH) 

7 6 5 4 3 I 2 1 I 0 


This 8-bit register may be loaded with the 
7-bit address to which the controller will 
respond when programmed as a slave 
receiver/transmitter. The LSB bit (GC) is used 
to determine whether the general CALL 
address is recognized. 

S1 ADR.O, GC: 0 = general CALL address 
is not recognized. 

1 = general CALL is 
recognized. 

S1 ADR.7 - 1 : own slave address 

2 .6 Standard serial interface 
SiOO: UART 

This serial port is full duplex, meaning it can 
transmit and receive simultaneously. It is also 
receive-buffered, meaning It can commence 
reception of a second byte before a 
previously received byte has been read from 
the register. (However, if the first byte still 
hasn’t been read by the time reception of the 
second byte is complete, one of the bytes will 
be lost). The serial port receive and transmit 
registers are both accessed at Special 
Function Register SOBUF. Writing to SOBUF 
loads the transmit register, and reading 
SOBUF loads the transmit register, and 
reading SOBUF accesses a physically 
separate receive register. 

The serial port can operate in 4 modes: 

Mode 0: Serial data enters and exits through 
RxD. TxD outputs the shift clock. 8 bits are 
transmitted/received (LSB first). The baud is 
fixed at 1/1 2 the oscillator frequency. 

Mode 1: 10 bits are transmitted (through 
TxD) or received (through RxD): a start bit 
(0), 8 data bits (LSB first), and a stop bit (1 ). 
On receive, the stop bit goes into RB8 in 
Special Function Register SCON. The baud 
rate is variable. 

Mode 2: 1 1 bits are transmitted (through 
TxD) or received (through RxD): start bit (0). 

8 data bits (LSB first), a programmable 9th 
data bit, and a stop bit (1). On Transmit, the 
9th data bit (TB8 in SCON) can be assigned 
the value of 0 or 1 . Or, for example, the parity 
bit (P, in the PSW) could be moved into TB8. 
On receive, the 9th data bit goes into RB8 in 
Special Function Register SCON, while the 
stop bit is ignored. The baud rate is 
programmable to either 1/32 or 1/64 the 
oscillator frequency. 
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Mode 3: 11 bits are transmitted (through 
TxD) or received (through RxD): a start bit 
(0), 8 data bits (LSB first), a programmable 
9th data bit and a stop bit (1). In fact, Mode 3 
is the same as Mode 2 in all respects except 
baud rate. The baud rate in Mode 3 is 
variable. 

In all four modes, transmission is initiated by 
any instruction that uses SOBUF as a 
destination register. Reception is initiated in 
Mode 0 by the condition Rl = 0 and REN = 1 . 
Reception is initiated in the other modes by 
the incoming start bit if REN = 1 . 

2 .6.1 Multiprocessor Communications 

Modes 2 and 3 have a special provision for 
multiprocessor communications. In these 
modes, 9 data bits are received. The 9th one 


goes into RB8. Then comes a stop bit. The 
port can be programmed such that when the 
stop bit is received, the serial port interrupt 
will be activated only if RB8 = 1 . This feature 
is enabled by setting bit SM2 in SCON. A 
way to use this feature in multiprocessor 
systems is as follows. 

When the master processor wants to transmit 
a block of data to one of several slaves, it first 
sends out an address byte which identifies 
the target slave. An address byte differs from 
a data byte in that tfie 9th bit is 1 in an 
address byte and 0 in a data byte. With SM2 
= 1 , no slave will be interrupted by a data 
byte. An address byte, however, will interrupt 
all slaves, so that each slave can examine 
the received byte and see if it is being 
addressed. The addressed slave will clear its 


SM2 bit and prepare to receive the data bytes 
that will be coming. The slaves that weren’t 
being addressed leave their SM2s set and go 
on about their business, ignoring the coming 
data bytes. 

SM2 has no effect in Mode 0, and in Mode 1 
can be used to check the validity of the stop 
bit. In a Mode 1 reception, if SM2 = 1, the 
receive interrupt will not be activated unless a 
valid stop bit is received. 

2 .6.2 Serial port control register 

The serial port control and status register is 
the Special Function Register SOCON, shown 
in Figure 13. The register contains not only 
the mode selection bits, but also the 9th data 
bit for transmit and receive (TBS and RB8), 
and the serial port interrupt bits (Tl and Rl). 


MSB LSB 


SMO 

SMI 

SM2 

REN 

TBS 

RB8 

1 Tl 

LriJ 


Where SMO, SM1 specify the serial port mode, as follows: 


SMO SMI MODE DESCRIPTION gAUP RATE 


0 0 0 

0 1 1 

1 0 2 

1 1 3 


Shift register fosc / 1 2 

8- bit UART variable 

9- bit UART fosc / 64 or fosc / 32 

9-bit variable UART 


SM2 enables the multiprocessor communication feature in Modes 2 
and 3. In Mode 2 or 3, if SM2 is set to 1 then Rl will not be activated If 
the received ninth data bit (RB8) Is 0. In Mode 1, if SM2=1 then Rl will 
not be activated if a valid stopbit was not received. In Mode 0, SM2 
should be 0. 

REN enables serial reception. Set by software to enable reception. 
Clear by software to disable reception. 

TBS is the ninth data bit that will be transmitted in Modes 2 and 3. 
Set or clear by software as desired. 

RB8 in Modes 2 and 3, is the ninth data bit that was received. In 
Mode 1 , if SM2=0, RB8 is the stop bit that was received. In Mode 0, 
RB8 Is not used. 

Tl is transmit interrupt flag. Set by hardware at the end of the 
eighth bit time in Mode 0, or at the beginning of the stop bit in the other 
modes, in any serial transmission. Must be cleared by software. 

Rl is receive interrupt flag. Set by hardware at the end of the 8th 
bit time in Mode 0, or halfway through the stop bit time in the other 
modes, In any serial receoption (except see SM2). Must be cleared by 
software. 


Figure 10. Serial Port Control (SCON) Register 


Table 4, Timer 1 Generated Commonly Used Baud Rates 


BAUD RATE 

^osc 

SMOD 

C/T 

TIMER 1 MODE 

RELOAD VALUE 

Mode 0 Max: 1MHz 

12MHz 

X 

X 

X 

X 

Mode 2 Max: 375K 

12MHz 

1 

X 

X 

X 

Mode1,3:62.5K 

12MHz 

1 

0 

2 

FFH 

19.2K 

11.059MHz 

1 

0 

2 

FDH 

9.6K 

11.059MHz 

0 

0 

2 

FDH 

4.8K 

11.059MHz 

0 

0 

2 

FAH 

2.4K 

11.059MHz 

0 

0 

2 

F4H 

1.2K 

11.059MHz 

0 

0 

2 

E8H 

137.5K 

11.986MHz 

0 

0 

2 

1DH 

110K 

6MHz 

0 

0 

2 

72H 

110K 

12MHz 

0 

0 

1 

FEEBH 


Baud Rates 
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The baud rate in Mode 0 is fixed: Mode 0 
Baud Rate = Oscillator Frequency / 12. The 
baud rate in Mode 2 depends on the value of 
bit SMOD in Special Function Register 
PCON. If SMOD = 0 (which is the value on 
reset), the baud rate is 1/64 the oscillator 
frequency. If SMOD = 1, the baud rate Is 1/32 
the oscillator frequency. 

Mode 2 Baud Rate = (2^^°°/64){Oscillator 
Frequency) 

The baud rates in Modes 1 and 3 are 
determined by the Timer 1 or Timer 2 
overflow rate. 

Using Timer 1 to generate baud rates 

When Timer 1 is used as the baud rate 
generator, the baud rates in Modes 1 and 3 
are determined by the Timer 1 overflow rate 
and the value of SMOD as follows: 

Modes 1,3 Baud Rate = {2^'^°°/32)(Timer 1 
Overflow Rate) 

The Timer 1 interrupt should be disabled In 
this application . The Timer itself can be 
configured for either "timer” or "counter" 
operation, and in any of its 3 running modes. 
In most typical applications, it is configured 
for "timer operation, in the auto-reload mode 
(high nibble of TMOD = 001 OB). In that case 
the baud rate is given by the formula: 

Mode 1 , 3 Baud Rate = {(2^^00/32) x 
(Oscillator Frequency)} / {1 2 x (256 - (TH1)} 

One can achieve very low baud rates with 
Timer 1 by leaving the Timer 1 interrupt 
enabled, and configuring the Timer to run as 
a 16-bit timer (high nibble of TMOD = 0001 B), 


and using the Timer 1 1nterrupt to do a 16-bit 
software reload. Table 4 lists various 
commonly used baud rates and how they can 
be obtained from Timer 1 . 

Using Timer 2 to generate baud rates 

Timer 2 is selected as the baud rate 
generator by setting RTCLK in T2CON 
(Figure 14). Setting RTCLK puts Timer 2 into 
its baud rate generator mode, as shown in 
Figure 14. 

The baud rate generator mode is similar to 
the auto-reload mode, in that a rollover in 
TH2 causes the Timer 2 registers to be 
reloaded with the 16-bit value in registers 
RCAP2H and RCAP2L, which are preset by 
software. 

Now, the baud rates in Modes 1 and 3 are 
determined by Timer 2’s overflow rate as 
follows: 

Modes 1 ,3 Baud Rate = (Timer 2 Overflow 
Rate)/ 16 

The Timer can be configured for either "timer" 
or "counter" operation. In the most typical 
applications, it is configured for "timer" 
operation (C/T2 = 0). "Timer" operation is a 
little different for Timer 2 when it's being used 
as a baud rate generator. Normally, as a timer 
is would Increment every machine cycle (thus 
at 1/12 the osdilator frequency). As a baud 
rate generator, however, it increments every 
state time (thus at 1/2 the oscillator 
frequency). In that case the baud rate is 
given by the formula. 


80CL782/83CL782 


Modes 1 ,3 Baud Rate = (Oscillator 
Frequency) / {32 x (65536 - (RCAP2H. 
RCAP2L)} 

where (RCAP2H, RCAP2L) is the content of 
RCAP2H and RCAP2L taken as a 16-bit 
unsigned integer. 

Timer 2 as a baud rate generator is shown in 
Figure 14. This figure is valid only If RTCLK = 
1 in T2CON. Note that a rollover in TH2 does 
not set TF2, and will not generate an 
interrupt. Therefore, the Timer 2 interrupt 
does not have to be disabled when Timer 2 is 
in the baud rate generator mode. Note too. 
that if EXEN2 is set, a 1 -to-0 transition in 
T2EX will set EXF2 but will not cause a 
reload from (RCAP2H. RCAP2L) to (TH2, 
TL2). Thus when Timer 2 is In use as a baud 
rate generator, T2EX can be used as an extra 
external interrupt, if desired. 

It should be noted that when Timer 2 is 
running (TR2 = 1) in "timer" function in the 
baud rate generator mode, one should not try 
to read or write TH2 or TL2. Under these 
conditions the Timer is being incremented 
every state time, and the results of a read or 
write may not be accurate. The RCAP 
registers may be read, but shouldn’t be 
written to, because a write might overlap a 
reload and cause write and/or reload errors. 
Turn the Timer off (clear TR2) before 
accessing the Timer 2 or RCAP register, in 
this c^ase. 
this case 
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TIMER 1 
OVERFLOW 



TRANSITION 



’’TIMER 2 
INTERRUPT” 


EXEN2 


NOTE AVAILABIUTY OF ADDITIONAL EXTERNAL INTERRUPT 


Figure 11. Timer 2 in Baud Rate Generator Mode 
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2 .7 Interrupt system 

External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronous to execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution, a multiple-source, 
two-priority-level, nested interrupt system is 
provided. The 83CL782 acknowledges 
interrupt requests from fifteen sources as 
follows: 

• INTO through INT9 

• Timer 0, Timer 1 , and Timer 2 

• I^C bus serial I/O 
•UART 


Each Interrupt vectors to a separate location 
in program memory for its service routine. 
Each source can be individually enabled or 
disabled by corresponding bits in the Interrupt 
Enable Registers (IE, lEO). The priorily level 
is selected via the Interrupt Priority register 
(IPO, IP1). All enabled sources can be 
globally disabled or enabled. 

2 .7.1 External interrupts INT2/INT9 

Port 1 lines serve an alternative purpose as 
seven additional interrupts INT2 to INT9. 
When enabled, each of these lines may 
"wake-up" the device from Power-down 
mode. Using the 1X1 register, each pin may 


be initialized to either active HIGH or LOW. 
IRQ1 Is the interrupt request flag register. 
Each flag, if the interrupt is enabled, will be 
set on an interrupt request but must be 
cleared by software, i.e. via the interrupt 
software or when the interrupt is disabled 

The port 1 Interrupts are level sensitive. A 
port 1 interrupt will be recognized when a 
level (HIGH or LOW depending on Interrupt 
Polarity Register 1X1) on Pix is held active 
for at least one machine cycle. The Interrupt 
Request is not served until the next machine 
cycle. 
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Interrupt Enable Register lENO, 
IEN1 


interrupt Priority Register 
IPO, iPl 


IEN0(A8H)| 

an 


EA \ ET2| ESI I ES0[ ET1 j EXI j ETo| EXO | 

SYMBOL FUNCTION 

EA General enable/ 

disable control 

0 = no interrupt is 
enabled; 

1 =any individually 
enabled interrupt will 
be accepted 

ET2 Enable T2 interrupt 

ES1 Enable I^C interrupt 

ESO Enable UART SIO 

interrupt 

ET1 Enable Timer T1 

interrupt 

EX1 Enable external 

interrupt 1 

ETO Enable Timer TO 

Interrupt 

EXO Enable external 

interrupt 0 


EX9 EX8 EX7 EX6 EX5 EX4 EX3 EX2 IPl (F8H) | PX9 1 PX8 \ PX7| PXSj PXS [ PX4| PX3 1 PX2| 


IEN0.7 

EA 

IEN0.6 

ET2 

IEN0.5 

ESI 

IEN0.4 

ESO 

IEN0.3 

ET1 

IEN0.2 

EXI 

IEN0.1 

ETO 

lENO.O 

EXO 


iPO (B8H) |_ 

- |PT2|PSl| 

pso|PTi |pxi|p'ro|pxo 

fill 

SYMBOL 

FUNCTION 

IP0.7 

- 

Unused 

IP0.6 

PT2 

Timer 2 interrupt 
priority level 

IP0.5 

PS1 

Unused 

IP0.4 

PSO 

UART SIO interrupt 
priority level 

IP0.3 

PT1 

Timer 1 interrupt 
priority level 

IP0.2 

PX1 

External interrupt 1 
priority level 

IP0.1 

PTO 

Timer 0 interrupt 
priority level 

IPO.O 

PXO 

External Interrupt 0 
priority level 


fill 

SYMBOL 

EUNCTJCN 

mi 

SYMBOL 

FUNCIIQN 

IEN1.7 

EX9 

Enable external 
interrupt 9 

IP1.7 

PX9 

External interrupt 9 
priority level 

IEN1.6 

EX8 

Enable external 
interrupt 8 

IP1.6 

PX8 

External interrupt 8 
priority level 

IEN1.5 

EX7 

Enable external 
interrupt 7 

IP1.5 

PX7 

External interrupt 7 
priority level 

IEN1.4 

EX6 

Enable external 
interrupt 6 

IP1.4 

PX6 

External interrupt 6 
priority level 

IEN1.3 

EX5 

Enable external 
interrupt 5 

IP1.3 

PX5 

External interrupt 5 
priority level 

IEN1.2 

EX4 

Enable external 
interrupt 4 

IP1.2 

PX4 

External interrupt 4 
priority level 

IEN1.1 

EX3 

Enable external 
interrupt 3 

IP1.1 

PX3 

External interrupt 3 
priority level 

IEN1.0 

EX2 

Enable external 
interrupt 2 

IP1.0 

PX2 

External interrupt 2 
priority level 


interrupt Polarity Register 
1X1 

IX1(E9H) IL9 IL8 IL7 IL6 IL5 lU iL3 IL2 

Writing either a “1” or “0" to an 1X1 register bit 
sets the polarity level of the corresponding 
externa! interrupt to active HIGH or LOW 
respectively. 


mi 

SYMBOL 

EyNCTIQN 

1X1.7 

IL9 

External interrupt 9 
polarity level 

1X1.6 

IL8 

External interrupt 8 
polarity level 

1X1.5 

IL7 

External interrupt 7 
polarity level 

1X1.4 

IL6 

External interrupt 6 
polarity level 

1X1.3 

IL5 

External interrupt 5 
polarity level 

1X1.2 

IL4 

External interrupt 4 
polarity level 

IX1.1 

IL3 

External interrupt 3 
polarity level 

1X1.0 

IL2 

External interrupt 2 
polarity level 


Interrupt Request Flag Register 
IRQ1 (COh] 109 I ioe I 107 1 106 1 105 I 104 1 103 I 102 I 


= interrupt disabled 
= interrupt enabled 


Interrupt priority is as follows: 

0 = low priority 

1 = high priority 


BIT 

SYMBOL 

FUNCTION 

IRQI .7 

109 

External interrupt 9 
request flag 

IRQ1.6 

IQS 

External interrupt 8 
request flag 

IRQI .5 

IQ7 

External interrupt 7 
request flag 

IRQ1 .4 

IQ6 

External interrupt 6 
request flag 

IRQ1.3 

105 

External interrupt 5 
request flag 

IRQ1.2 

IQ4 

External interrupt 4 
request flag 

IRQ1.1 

IQ3 

External interrupt 3 
request flag 

IRQI .0 

IQ2 

External interrupt 2 
request flag 
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2.7.2 Interrupt vectors 


(highest) 

Vector 

Source 

XO 

CX)03H 

external/0 

SI 

002BH 

I^C port 

X5 

0053H 

external 5 

TO 

OOOBH 

timer 0 

T2 

0033H 

timer 2 

X6 

005BH 

external 6 

XI 

O013H 

external 1 

X2 

003BH 

external 2 

X7 

CX)63H 

external 7 

T1 

001 BH 

timer 1 

X3 

0043H 

external 3 

X8 

O06BH 

external 8 

SO 

O023H 

UART 

X4 

O04BH 

external 4 

X9 

O073H 

external 9 


(lowest) 

Interrupt priority 

Each interrupt priority source can be set to 
either high or low priority. If both priorities are 
requested simultaneously, the controller will 
branch to the high priority vector. 

A low priority interrupt can only be interrupted 
by a high priority interrupt. A high priority 
interrupt routine cannot be interrupted. 

2 .7.3 Related registers 

The following registers are used in 
conjunction with the interrupt system: 


SFR 


REOISTER FUNCTION ADDRESS 

1X1 

Interrupt polarity 
register 

E9H 

IRQ1 

Interrupt request 
flag register 

COH 

lENO 

Interrupt enable 
register 

A8H 

IEN1 

Interrupt enable 
register (INT2-INT9) 

E8H 

B8H 

IPO 

interrupt priority 
register 


IP1 

Interrupt priority 
register (rNT2-fNT9) 

F8H 

1.8 Oscillator circuitry 



The on-chip oscillator circuitry of the 
83CL782 Is a single-stage inverting amplifier 
biased by an internal feedback resistor 
(Figure 21). For operation as a standard 
quartz oscillator, no external components are 
needed (except at 32 kHz). When using 
external capacitors, ceramic resonators, coils 
and RC networks to drive the oscillator, five 
different configurations are supported (see 
Figure 22 and oscillator options). 

In the Power-down mode the oscillator is 
stopped and XTAL1 is pulled HIGH. The 
oscillator inverter is switched off to ensure no 
current will flow regardless of the voltage at 


XTAL1 . To drive the device with an external 
clock source, apply the external dock signal 
to XTAL1 , and leave XTAL2 to float, as 
shown in Figure 22(f). There are no 
requirements on the duty cycle of the external 
clock, since the input to the internal docking 
circuitry is buffered by a flip-flop. 

The following options are provided for 
optimum on-chip oscillator performance. 
Please state option when ordering. 

1.8.1 Oscillator options (see Figure 22 ) 

32kHz: Figure 22(c). An option for 32kHz 
clock applications with external 
trimmer for frequency adjustment. A 
4.7MO bias resistor is needed for 
use in parallel with the crystal. 

Osc 2: Figure 22(e): An option for 
low-power, low-frequency 
operations using LC components. 

Osc 3: An option for medium frequency 
range applications. 

Osc 4: An option for high frequency range 
applications. 

RC: Figure 22(g). An option for an RC 

oscillator. 


Vdd 



Figure 14. Oscillator 
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STANDARD 

QUARTZ 

OSCILLATOR 

L|g(J 


QUARTZ 
OSCILLATOR 
WITH EXTERNAL 
CAPACITORS 


32kHz 

OSCILLATOR 
XTAL1 XTAL2 

— ILII — 


I X 



(B) 


CERAMIC 

RESONATOR 


LC-OSCILLATOR 


X X 


X X 


EXTERNAL 

CLOCK 


I XTAL2 
N. C. 



Figure 15. Alternative Oscillator Configurations 

OSCILLATOR TYPE SELECTION GUIDE 

RESONATOR f (MHz) OPTION Cl EXT. (pF) 


Cl EXT. (pF) 


C2 EXT. (pF) 




MAX. RESONATOR 
SERIES RESISTANCE 



iOpH = 


100pH = 5a 
ImH = 75n 


NOTES: 

1 . 32kHz quartz crystals with a series resistance higher than 1 5kft will reduce the guaranteed supply voltage range to 2.5 - 3.5V. 
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OSCILLATOR EQUIVALENT CIRCUIT PARAMETERS (see Figure 23) 
PARAMETER OPTION SYMBOL CONI 

Transconductance 32kHz Om T = +25°C, 
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1.8.3 RC Oscillator 

The externally adjustable RC-oscillator has a 
frequency range from 1 00 kHz to 500 kHz. 

1.9 Reset circuitry 

To initialize the 83CL782. a reset is 
performed by either of two methods: 

• via the RST pin 

• via a power-on-reset 


It leaves the internal registers as follows: 

Register 

Content 

ACC 

0000 0000 

B 

0000 0000 

DPL 

0000 0000 

DPH 

0000 0000 

lEO 

0000 0000 

IE1 

0000 0000 

IPO 

XXOO 0000 

IP1 

0000 0000 

1X1 

0000 0000 

IRQ1 

0000 0000 

PCH 

0000 0000 

PCL 

0000 0000 

PCON 

OXXO 0000 

P0-P3 

1111 1111 

SOBUF 

XXXXXXXX 

SOCON 

0000 0000 

S1ADR 

0000 0000 

S1CON 

0000 0000 

SI DAT 

0000 0000 

S1STA 

1111 1000 

SP 

0000 0111 

TCON 

0000 0000 

T2CON 

0000 0000 

T3 

0000 0000 

THO, TH1,TH2 

0000 0000 

TLO, TL1,TL2 

0000 0000 

TMOD 

0000 0000 

PSW 

0000 0000 

RCAP2L 

0000 0000 

RCAP2H 

0000 0000 



Figure 17. Frequency as a 
Function of RC 


The reset state of file port pins is 
mask-programmable and can therefore be 
defined by the user. The standard reset value 
for port P0-P3 is 1111 1111. 

The reset input to the 83CL782 is RST pin 
1 5. A Schmitt trigger qualifies the input for 
noise rejection. The output of the Schmitt 
trigger is sampled by the reset circuitry every 
machine cycle. 

A reset is accomplished by holding the RST 
pin HIGH for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. The CPU responds by generating an 
internal reset. Port pins adopt their reset state 
immediately after RST goes HIGH. During 
reset ALE and PSEN are held HIGH. 


The external reset is asynchronous to the 
internal clock. The RST pin is sampled during 
State 5, Phase 2 of every machine cycle. 
After a HIGH Is detected at the RST pin, an 
internal reset is repeated every cycle until 
RST goes LOW. 

The internal RAM is not affected by reset. 
When Vdd is turned on the RAM contents are 
indeterminate. 

1.9.1 Power-on reset 

The 83CL782 contains on-chip circuitry which 
switch the port pins to the customer defined 
logic level as soon as Vdd exceeds 1 .3 V. As 
soon as the minimum supply voltage is 
reached, the oscillator will start up. However, 
to ensure that the oscillator is stable before 
the controller starts, the clock signals are 
gated away from the CPU for a further 1536 
oscillator periods. 

A hysteresis of approximately 50mV at a 
typical power-on switching level of 1 .3 V will 
ensure correct operation. 

An automatic reset can be obtained at 
power-on by connecting the RST pin to Vdd 
via a 10 pF capacitor. At power-on, the 
voltage on the RST pin is equal to Vdd minus 
the capacitor voltage, and decreases from 
Vdd as the capacitor discharges through the 
internal resistor Rrst to ground. The larger 
the capacitor, the more slowly Vrst 
decreases. Vrst must remain above the 
lower threshold of the Schmitt trigger long 
enough to effect a complete reset. The time 
required is the oscillator start-up time, plus 2 
machine cycles. 



Figure 18. Reset Configuration at RST Pin 
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SWITCHING LEVEL 



Figure 19. Power-on Reset Switching Level 



Figure 20. Recommended Power-on Reset Circuitry 
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2.0 INSTRUCTION SET 

The 83CL782 uses a powerful instruction set 
which permits the expansion of on-chip CPU 
peripherals and optimizes byte efficiency and 


execution speed. Assigned opcodes add new 
high-power operation and permit new 
addressing modes. The instruction set 
consists of 49 single-byte, 46 two-byte and 


16 three-byte instructions. When using a 1 2 
MHz oscillator, 64 instructions execute in 1 p.s 
and 45 in 2 p.s. Multiply and divide 
instructions execute in 4 |j.s. 


Table 5. instruction Set Description 


MNEMONIC 

DESCRIPTION 

BYTES/ 

CYCLES 

OPCODE 

(HEX.) 

Arithmetic Operations j 

ADD 

A,Rr 

Add register to A 

1 

1 

2* 

ADD 

A,direct 

Add direct byte to A 

2 

1 

25 

ADD 

A,@Ri 

Add indirect RAM to A 

1 

1 

26, 27 

ADD 

A,#data 

ADD immediate data to A 

2 

1 

24 

ADDC 

A,Rr 

Add register to A with carry flag 

1 

1 

3* 

ADDC 

A,direct 

Add direct byte to A with carry flag 

2 

1 

35 

ADDC 

A,(S)R 

Add indirect RAM to A with carry flag 

1 

1 

36, 37 

ADDC 

A,#data 

Add immediate data to A with carry flag 

2 

1 

34 

SUBB 

A,Rr 

Subtract register from A with borrow 

1 

1 

9* 

SUBB 

A, direct 

Subtract direct byte from A with borrow 

2 

1 

95 

SUBB 

A,(2>Ri 

Subtract indirect RAM from A with borrow 

1 

1 

96. 97 

SUBB 

A,#data 

Subtract immediate data from A with borrow 

2 

1 

94 

INC 

A 

Increment A 

1 

1 

04 

INC 

Rr 

Increment register 

1 

1 

0* 

INC 

direct 

Increment direct byte 

2 

1 

05 

INC 

@R 

Increment indirect RAM 

1 

1 

06. 07 

DEC 

A 

Decrement A 

1 

1 

14 

DEC 

Rr 

Decrement register 

1 

1 

r 

DEC 

direct 

Decrement direct byte 

2 

1 

15 

DEC 

@R 

Decrement indirect RAM 

1 

1 

16,17 

INC 

DPTR 

Increment data pointer 

1 

2 

A3 

MUL 

AB 

Multiply A & B 

1 

4 

A4 

DIV 

AB 

Divide A by B 

1 

4 

84 

DA 

A 

Decimal adjust A 

1 

1 

D4 

1 Logic Operations | 

ANL 

A,Rr 

AND register to A 

1 

1 

5* 

ANL 

A, direct 

AND direct byte to A 

2 

1 

55 

ANL 

A,<§)Ri 

AND indirect RAM to A 

1 

1 

56, 57 

ANL 

A,#data 

AND immediate data to A 

2 

1 

54 

ANI 

direct,A 

AND A to direct byte 

2 

1 

52 

ANL 

direct, #data 

AND immediate data to direct byte 

3 

2 

53 

ORL 

A,Rr 

OR register to A 

1 

1 

4* 

ORL 

A, direct 

OR direct byte to A 

2 

1 

45 

ORL 

A,@Ri 

OR indirect RAM to A 

1 

1 

46, 47 

ORL 

A,#data 

OR immediate data to A 

2 

1 

44 

ORL 

direct, A 

OR A to direct byte 

2 

1 

42 

ORL 

direct, #data 

OR immediate data to direct byte 

3 

2 

43 
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NOTES TO TABLE 5: 

Data addressing modes 

Rr Working register R0-R7. 

direct 128 internal RAM locations and any special function register (SFR). 

(3>Ri Indirect internal RAM location addressed by register RO or R1 . 

#data 8-bit constant included in instruction. 

#data 16-bit constant included in instruction, 

bit Direct addressed bit in internal RAM or SFR. 

addrie 16-bit destination address. Used by LCALL and LJMP. The branch will be anywhere within the 64K-byte program 
memory address space. 

addril 11 -bit destination address. Used by ACALL and AJMP. The branch will be within the same 2K-byte page of program 
memory as the first byte of the following instruction. 

rel Signed (two’s complement) 8-bit offset byte. Used by SMJP and all conditional jumps. Range is -128 to +128 bytes 

relative to first byte of the following instruction. 

Hexadecimal opcode cross-reference 
* ; 8, 9, A, B ,C ,D ,E ,F. 

" : 11,31.51.71,91, B1, D1, FI. 

*** ; 01. 21 ,41,61.81, A1. Cl, E1. 
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2.0 INSTRUCTION SET 

The 83CL782 uses a powerful instruction set 
which permits the expansion of on-chip CPU 
peripherals and optimizes byte efficiency and 


execution speed. Assigned opcodes add new 
high-power operation and permit new 
addressing modes. The instruction set 
consists of 49 single-byte, 46 two-byte and 


16 three-byte instructions. When using a 12 
MHz oscillator, 64 instructions execute in 1 ps 
and 45 in 2 ps. Multiply and divide 
instructions execute in 4 ps. 


Table 5. Instruction Set Description 


MNEMONIC 

DESCRIPTION 

BYTES/ 

CYCLES 

OPCODE 

(HEX.) 

Arithmetic Operations | 

ADD 

A.Rr 

Add register to A 

1 

1 

2* 

ADD 

A,direct 

Add direct byte to A 

2 

1 

25 

ADD 

A,@Ri 

Add indirect RAM to A 

1 

1 

26,27 

ADD 

A,#data 

ADD immediate data to A 

2 

1 

24 

ADDC 

A,Rr 

Add register to A with carry flag 

1 

1 

3* 

ADDC 

A, direct 

Add direct byte to A with carry flag 

2 

1 

35 

ADDC 

A.(3)R 

Add Indirect RAM to A with carry flag 

1 

1 

36,37 

ADDC 

A,#data 

Add immediate data to A with carry flag 

2 

1 

34 

SUBB 

A,Rr 

Subtract register from A with borrow 

1 

1 

9* 

SUBB 

A,direct 

Subtract direct byte from A with borrow 

2 

1 

95 

SUBB 

A,@Ri 

Subtract indirect RAM from A with borrow 

1 

1 

96,97 

SUBB 

A,#data 

Subtract immediate data from A with borrow 

2 

1 

94 

INC 

A 

Increment A 

1 

1 

04 

INC 

Rr 

Increment register 

1 

1 

0* 

INC 

direct 

Increment direct byte 

2 

1 

05 

INC 

<3>R 

Increment indirect RAM 

1 

1 

06, 07 

DEC 

A 

Decrement A 

1 

1 

14 

DEC 

Rr 

Decrement register 

1 

1 

r 

DEC 

direct 

Decrement direct byte 

2 

1 

15 

DEC 

@R 

Decrement indirect RAM 

1 

1 

16,17 

INC 

DPTR 

Increment data pointer 

1 

2 

A3 

MUL 

AB 

Multiply A & B 

1 

4 

A4 

DIV 

AB 

Divide A by B 

1 

4 

84 

DA 

A 

Decimal adjust A 

1 

1 

D4 

1 Logic Operations | 

ANL 

A,Rr 

AND register to A 

1 

1 

5* 

ANL 

A, direct 

AND direct byte to A 

2 

1 

55 

ANL 

A,@Ri 

AND indirect RAM to A 

1 

1 

56, 57 

ANL 

A,#data 

AND immediate data to A 

2 

1 

54 

ANI 

direct, A 

AND A to direct byte 

2 

1 

52 

ANL 

direct, #data 

AND immediate data to direct byte 

3 

2 

53 

ORL 

A,Rr 

OR register to A 

1 

1 

4* 

ORL 

A,direct 

OR direct byte to A 

2 

1 

45 

ORL 

A,<S)Ri 

OR indirect RAM to A 

1 

1 

46, 47 

ORL 

A.#data 

OR immediate data to A 

2 

1 

44 

ORL 

direct, A 

OR A to direct byte 

2 

1 

42 

ORL 

direct, #data 

OR immediate data to direct byte 

3 

2 

43 
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Table 5. Instruction Set Description (Continued) 


MNEMONIC 

DESCRIPTION 

BYTES/ 

CYCLES 

OPCODE 

(HEX.) 

1 Logic Operations (continued) | 

XRL 

A,Rr 

Exclusive-OR register to A 

1 

1 

6 * 

XRL 

A, direct 

Exclusive-OR direct byte to A 

2 

1 

65 

XRL 

A.<§>Ri 

Exclusive-OR indirect RAM to A 

1 

1 

66,67 

XRL 

A.#data 

Exclusive-OR immediate data to A 

2 

1 

64 

XRL 

direct. A 

Exclusive-OR to direct byte 

2 

1 

62 

XRL 

direct, #data 

Exclusive-OR immediate data to direct byte 

3 

2 

63 

CLR 

A 

Clear A 

1 

1 

E4 

CPL 

A 

Complement A 

1 

1 

F4 

RL 

A 

Rotate A left 

1 

1 

23 

RLC 

A 

Rotate A left through the carry flag 

1 

1 

33 

RR 

A 

Rotate A right 

1 

1 

03 

RRC 

A 

Rotate A right throught the carry flag 

1 

1 

13 

SWAP 

A 

Swap nibbles within A 

1 

1 

C4 

1 Data Transfer | 

MOV* 

A,Rr 

Move register to A 

1 

1 

E* 

MOV 

A, direct 

Move direct byte to A 

2 

1 

E5 

MOV 

A@R 

Move indirect RAM to A 

1 

1 

E6, E7 

MOV 

A,#data 

Move immediate data to A 

2 

1 

74 

MOV 

Rr,A 

Move A to register 

1 

1 

F* 

MOV 

Redirect 

Move direct byte to register 

2 

2 

A* 


Rr,#data 

Move immediate data to register 

2 

1 

7* 

GHBH 

direct.A 

Move A to direct byte 

2 

1 

F5 

Q^jimii 

direct, Rr 

Move register to direct byte 

2 

2 

8* 

iQmii 

direct, direct 

Move direct byte to direct 

3 

2 

85 

MOV 

direct, <S)Ri 

Move indirect RAM to direct byte 

2 

2 

86, 87 

MOV 

direct, #data 

Move immediate data to direct byte 

3 

2 

75 

MOV 

@Ri,A 

Move A to indirect RAM 

1 

1 

F6. F7 

MOV 

@Ri, direct 

Move direct byte to indirect RAM 

2 

2 

A6, A7 

MOV 

@Ri,#data 

Move immediate data to indirect RAM 

2 

1 

76, 77 

MOV 

DPTR.#data16 

Load data pointer with a 16-bit constant 

3 

2 

90 

Move 

A,@A-rDPTR 

Move code byte relative to DPTR to A 

1 

2 

93 

Move 

A,@A+PC 

Move code byte relative to PC to A 

1 

2 

83 

MOVX 

A,@Ri 

Move external RAM (8-bit address ) to A 

1 

2 

E3, E3 

MOVX 

A.@DPTR 

Move external RAM (16-bit address) to A 

1 

2 

EO 

MOVX 

@Ri,A 

Move A to external RAM (8-bit address) 

1 

2 

F2, F3 

MOVX 

(a)DPTR,A 

MOV A to external RAM (16-bit address) 

1 

2 

FO 

PUSH 

direct 

Push direct byte onto stack 

2 

2 

CO 

POP 

direct 

Pop direct byte from stack 

2 

2 

DO 

xeH 

A,Rr 

Exchange register with A 

1 

1 

C* 

xeH 

A, direct 

Exchange direct byte with A 

2 

1 

C5 


March 1993 


408 















Philips Semiconductors Microcontroller Products 


Objective specification 


Low-voltage single-chip 8-bit microcontroller 80CL782/83CL782 


Table 5. Instruction Set Description (Continued) 


MNEMONIC 

DESCRIPTION 

BYTES/ 

CYCLES 

OPCODE 

(HEX.) 

I Data Transfer (continued) I 

XCH 

A.<3>Ri 

Exchange indirect RAM with A 

1 

1 

C6, C7 

XCHD 

A.@Ri 

Exchange LOW-order digit indirect RAM with A 

1 

1 

D6. D7 

I Boolean Variable Manipulation | 

CLR 

C 

Clear carry flag 

1 

1 

C3 

CLR 

bit 

Clear direct bit 

2 

1 

C2 

SETB 

C 

Set carry flag 

1 

1 

D3 

SETB 

bit 

Set direct bit 

2 

1 

D2 

CPL 

C 

Complement carry flag 

1 

1 

B3 

CPL 


Complement direct bit 

2 

1 

B2 

ANL 


AND direct bit to carry flag 

2 

2 

82 

ANL 

C,/bit 

AND complement of direct bit to carry flag 

2 

2 

BO 

ORL 

C.bit 

OR direct bit to carry flag 

2 

2 

72 

ORL 

C,/bit 

OR complement of direct bit to carry flag 

2 

2 

AO 

MOV 

C.bit 

Move direct bit to carry flag 

2 

1 

A2 

MOV 

bit,C 

Move carry flag to direct bit 

2 

2 

92 

I Program and Machine Control | 

ACALL 

addril 

Absolute subroutine call 

2 

2 

**1addr 

LCALL 

addr16 

Long subroutine call 

3 

2 

12 

RET 


Return from subroutine 

1 

2 

22 

RETI 


Return from interrupt 

1 

2 

32 

AJMP 

addril 

Absolute jump 

2 

2 

***1addr 

LJMP 

addrie 

Long jump 

3 

2 

02 

SJMP 

rel 

Short jump (relative address) 

2 

2 

80 

JMP 

<§>A-hDPTR 

Jump indirect relative to the DPTR 

1 

2 

73 

JZ 

rel 

Jump if A is zero 

2 

2 

60 

JNZ 

rel 

Jump if A is not zero 

2 

2 

70 

JC 

rel 

Jump if carry flag is set 

2 

2 

40 

JNC 

rel 

Jump if no carry flag 

2 

2 

50 

JB 

bit, rel 

Jump if direct bit is set 

3 

2 



bit, rel 

Jump if direct bit is not set 

3 

2 


I JBC 

bit,rel 

Jump if direct bit is set and clear bit 

3 

2 

10 


A,direct,rel 

Compare direct to A and jump if not equal 

3 

2 



A,#data,rel 

Compare immediate to A and jump if not equal 

3 

2 



Rr,#data,rel 

Compare Immediate to register and jump if not equal 

3 

2 



<S>Ri,#data,rel 

Compare immediate to ind. and jump if not equal 

3 

2 

B6. B7 


Rr.rel 

Decrement register and jump if not zero 

2 

2 



direct, rel 

Decrement direct and jump if not zero 

3 

2 


I NOP 


No operation 

1 

1 

00 
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NOTES TO TABLE 5: 

Data addressing modes 

Rr Working register R0-R7. 

direct 1 28 internal RAM locations and any special function register (SFR). 

<g>Ri Indirect internal RAM location addressed by register RO or R1 . 

#data 8-blt constant Included in instruction. 

#data 16-bit constant included in instruction, 

bit Direct addressed bit in internal RAM or SFR. 

addrie 16-blt destination address. Used by LCALL and LJMP. The branch will be anywhere within the 64K-byte program 
memory address space. 

addri 1 1 1-bit destination address. Used by ACALL and AJMP. The branch will be within the same 2K-byte page of program 

memory as the first byte of the following instruction. 

rel Signed (two’s complement) 8-bit offset byte. Used by SMJP and all conditional jumps. Range is -1 28 to -»-1 28 bytes 

relative to first byte of the following Instruction. 

Hexadecimal opcode cross-reference 
* : 8,9,A. B,C,D.E.F. 

: 11.31,51,71,91. B1, D1, FI. 

*** : 01, 21 .41,61,81, A1, Cl. El. 
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DOTTED UNES 
ARE VAUD WHEN 
TIDORWR 
ARE ACTIVE 


• ONE MACHINE CYCLE 

S1 I S2 I S3 I S4 I SS 


« ONE MACHINE CYCLE 

S1 I S2 I S3 I S4 I S5 


I PI P2| Pi P2l PI P2| PI P2j Pi P2| PI P2l PI P2| PI P2| Pi P2| Pi P2l Pi P2| Pi P2| 


ONLY ACTIVE 
DURING A READ 
FROM EXTERNAL 
DATA MEMORY 
ONLY ACTIVE 
DURING A WRITE 
TO EXTERNAL 
DATA MEMORY 


EXTERNAL 

PROGRAM 

MEMORY 

FETCH 


READ OR WRITE 
OF EXTERNAL 
DATA MEMORY 


Inst^ ^ADDRESS ^Inst^ ^ADDRESS^ ^Imti lADDRESS^ llnstl ^ADDRESS! 



(PORTO) “liiir-L A0-A7 I ' I In r ~ | A0-A7 | { In | | A0-A7 j — Lj!Lrn_ A0-A7 


ADDRESS A8-A1 5 ADDRESS A8-A1 5 I ADDRESS A8-A1 5 | ADDRESS A8-A1 5 



BUS llnst ^ADDRESS llnst ADDRESS 

(PORT 0) I In j I A0-A7 1 In I A0-A7 


ADDRESS A8-A1 5 ADDRESS A8-A15 OR PORT 2 OUT I ADDRESS A8.A1 5 


PORT 0,2,3 ■ 
OUTPUT 


PORT 0,2,3 
INPUT 



Figure 21 . Instruction Cycle Timing 
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3.0 RATINGS 

ABSOLUTE MAXIMUM RATINGS 

Limiting values in accordance with the Absolute Maximum System (lEC 134) 


SYMBOL 

PARAMETER 

LIMITS 

UNIT 

MIN 

MAX 

Vdd 

Supply voltage (Pin 40) 

-0.5 

6.5 

V 

V| 

All input voltages 

-0.5 

Vdd+0.5 

V 

h. lo 

DC current into any input or output 

— 

5 

mA 

Plot 

Total power dissipation 

- 

300 


"*"319 

Storage temperature range 

-65 

+150 

[miQUi 

Tamb 

Operating ambient temperature range 

-25 

+55 

°c 

T] 

Operating junction temperature 

- 

125 

°c 
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4.0 DC ELECTRICAL CHARACTERISTICS 

Vdd = 1 -SV to 6V; Vss = OV; Tamb = -25°C to -i-55°C, all voltages with respect to Vssi unless otherwise specified. 




TEST 

LIMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Vdd 

Supply voltage 


1.8 

- 

6.0 

V 


RAM retention voltage in power-down mode 


1.0 

- 

6.0 

V 

Idd 

Power supply current: 

Operating (note 1) 

VDD = 5V;fdk = 12MHz 

— 



tbf 

mA 



VDD = 3V;fcik=12MHz 

- 

- 

tbf 

mA 



Vdd = 3V; fdk = 3.58 MHz 

- 

- 

tbf 

mA 


Idle mode (note 2) 

VDD = 5V;fdk = 12MHz 

— 

— 

tbf 

mA 



Vdd - 3V; fdk =12 MHz 

- 

- 

tbf 

mA 



Vdd = 3V; fdk = 3.58 MHz 

- 

- 

tbf 

mA 

IpD 

Power-down mode (note 3) 

Vdd = 1-8V; T3^b=25 °C 

- 

- 

10 

pA 

VlL 

Input low voltage (note 6) 


Vss 


0.3Vdd 

V 

V|H 

Input high voltage (note 6) 


0.7Vdd 

- 

Vdd 

V 

Iql 

Output sink current LOW, except SDA, SCL 

Vdd = 5v; Vql = 0.4V 

1.6 

- 

- 

mA 



Vdd = 2.5V; Vql = 0.4V 

0.7 

- 

- 

mA 


Output sink current, SDA, SCL 

Vdd = 2.5V Vql = 0.4V 

3.0 

- 

- 

mA 

-loH 

Output source current HIGH, push-pull options only 

Vdd = 5V; Voh =Vdd-0.4V 

1.6 

— 

- 

mA 



Vdd = 3V; Vqh =Vdd -0.4V 

0.7 

- 

- 

mA 

-IlL 

Input current logic 0 

Vdd = 5V; V|n = 0.4V 

__ 

- 

100 

pA 



Vdd = 3V; Vjn = 0.4V 

- 

- 

50 

pA 

-Itl 

Input current logic 0, 1-to-O transition 

Vdd = 5V; V|n = Vdd/2 

- 

- 

1.0 

mA 



Vdd = 3V; V|n = Vdd/2 

- 

- 

500 

pA 

±Ili 

Input leakage current (port 0, EA) 

Vss < V| < Vdd 

i 

- 

10 

pA 

Rrst 

RST pull-down resistor 


10 

- 

200 

WD. 


NOTES: 


1 . The operating supply current is measured with all output pins disconnected; XTALl driven with tr = tf = 10ns; V|l = Vss +0.5V; 

V|H = Vdd- 0-5V; XTAL2 not connected; EA = RST -t- Port 0 = Vdq. 

1 . The idle mode supply current is measured with all output pins disconnected; XTALl driven with L = tf = 10ns; Vss = +0.5V; V|h = Vqd -0.5V; 
XTAL2 not connected; EA = Port 0 = Vss- 

1 . The power-down current is measured with all output pins disconnected; XTAL1 not connected; EA = Port 0 = Vdd: RST = Vss- 
1 . Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the LOW level output voltage of ALE, Port 
1 and Port 3 pins when these pins make a 1-to-O transition during bus operations. In the most adverse conditions (capacitive loading 
>100 pF) the noise pulse on the ALE line may exceed 0.8 V. In this event it may be required to qualify ALE with a Schmitt trigger, or use 
an address latch with a Schmitt trigger strobe input. 

1 . Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and PSEN to momentarily fall below the 0.9% of 
Vdd specification when the address bits are stabilizing. 

1 . The input threshold voltage of PI .6/SCL and PI .7/SDA meet the I^C-bus specification, so an input voltage below 0.3 Vdd will be recognized 
as a logic 0, while an input voltage above 0.7 Vqd will be recognized as a logic 1 . 
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5.0 AC CHARACTERISTICS 
AC ELECTRICAL CHARACTERISTICS 

Vqq = 5V±10%: Vss = OV; Tamb = -25°C to +55°C; Cl = 50pF for Port 0, ALE and PSEN; Cl = 80pF for all other outputs 
unless otherwise specified. 


SYMBOL 

PARAMETER 

12MHz CLOCK 

VARIABLE CLOCK 

UNIT 

MIN 

MAX 

MIN 

MAX 

Program Memory (see Figure 29) | 

tcL 

Clock frequency (Vdd = 2.7V) 

32kHz 

12MHz 

- 

- 


tlL 

ALE pulse duration 

127 

__ 

2tcK'40 

— 

ns 

Ul 

Address set up time to ALE 

43 

— 

tcK-40 


ns 

tlA 

Address hold time after ALE 

48 

— 

tcK-35 

— 

ns 

^LC 

Time from ALE to control pulse PSEN 

58 

— 

fcK-25 

— 

ns 

tiiv 

Time from ALE to valid instruction input 

— 

233 

— 

4tcK-100 

ns 

tcc 

Control pulse duration PSEN 

215 

— 

3tcK-35 

— 

ns 

fciv 

Time from PSEN to valid instruction input 

— 

125 

— 

3tcK"125 

ns 

tci 

Input instruction hold time after PSEN 

0 

— 

0 

— 

ns 

tciF 

Input instruction float delay after PSEN 

— 

63 

— 

tcK-20 

ns 

Uc 

Address valid after PSEN 

75 

— 



ns 

tAIV 

Address to valid instruction input 

— 

302 

- 

5tcK-115 

ns 

tAFC 

Address float time to PSEN 

12 

— 

0 

— 

ns 


AC ELECTRICAL CHARACTERISTICS 

Vdd = 5V; Vss = OV; Tarrt = -25°C to +55°C; Cl = 50pF for Port 0; ALE and PSEN, Cl = 40pF for all other outputs unless otherwise specified. 


SYMBOL 

PARAMETER 

12MHz CLOCK 

VARIABLE CLOCK 

UNIT 

MIN 

MAX 

MIN 

MAX 

External Data Memory (see Figures 30 and 31) | 

fRR 

RD pulse duration 

400 

— 

6tcK-100 

— 

ns 

tww 

WR pulse duration 

400 

— 

GtcK-lOO 

— 

ns 

tlA 

Address hold time after ALE 

48 

— 

tcK-35 

— 

ns 

fRD 

RD to valid data input 

— 

150 


5tcK-165 

ns 

fQFR 

Data float delay after RD 

— 

97 

— 

2tcK-70 

ns 

io 

Time from ALE to valid data input 


517 

— 

8tcK-150 

ns 

Ud 

Address to valid data input 

— 



9tcK-165 

ns 

fiw 

Time from ALE to RD and WR 

m^n 


3tcK-50 

3tcK+50 

ns 

tAW 

Time from address to RD or WR 



4 

- 

ns 


Time from RD or WR HIGH to 

ALE HIGH 

B 


tcK-130 

tcK-40 

tcK+40 

ns 

towx 

Data valid to WR transition 

23 

— 

tcK-60 

— 

ns 

tow 

Data set-up time before WR 

433 

— 

7tcK-150 

— 

ns 

two 

Data hold time after WR 

33 

— 

tcK-50 

— 

ns 

^AFR 

Address float delay after RD 

— 

12 

— 

12 

ns 


NOTES: 

1 . Interfacing the 83CL781 to devices with float times up to 75ns is permitted. This limited bus contention will not cause damage to 
Port 0 drivers. 
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Figure 22. Read from Program Memory 



Figure 23. Read from Data Memory 



March 1993 


415 








Philips Semiconductors Microcontroller Products 

Objective specification 

Low-voltage single-chip 8-bit microcontroller 

80CL782/83CL782 


3 .0 CHARACTERISTIC CURVES 



March 1993 


416 







Philips Semiconductors Microcontroller Products 


Objective specification 


Low-voltage single-chip 8-bit microcontroller 80CL782/83CL782 




0 2 4 6 


Figure 28. Typical Operating Current vs. 
Frequency and Vdq, Ta^b = 25°C 


Figure 29. Typical Idle Current vs. 
Frequency and Vdd, Tamb = 25°C 



Figure 30. Typical Power-down Current vs. Vdd» Tamb = 25°C 
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1. FEATURES 

• Single-chip I/O device with CAN protocol controller 

• Meets CAN protocol specification version 2.0 A and 
B (passive) with restricted bit timing 

• Fully integrated clock oscillator (no crystal required) 

• 1 6 configurable digital or analog I/O port pins 

• Each of the port pins individually configurable via 
CAN-bus: port direction, port mode and event capture 
facilities for inputs (event driven or polling) 

• Up to 16 digital inputs: 

automatic transmission of a CAN message on a 
change on inputs individually selectable 

• Up to 1 6 3-state outputs 

• Up to two quasi-analog outputs with 1 0-bit accuracy 

• 1 0-bit analog-to-digital converter with up to six 
multiplexed analog input channels 

• Two general purpose comparators 

• Bit rate from 20 kbit/s up to 1 25 kbit/s using internal 
oscillator (extension by external clock possible) 

• Automatic bit rate detection and calibration 

• Up to 1 6 P82C1 50 nodes for one CAN-bus system 

• Four identifier bits programmable 

• Automatic recovery from bus wiring failures supported 

• SLIO functions controlled by a single intelligent node 
("host") 

• Sleep-mode with wake-up via CAN-bus 

• Differential CAN-bus input comparator and CAN-bus 
output driver 

• 5V ±4 % supply voltage range 

• Operating temperature range from -40 to +1 25 °C 


2. GENERAL DESCRIPTION 

The P82C150 is a single-chip 16-bit I/O device including 
a controller area network (CAN) protocol controller with 
automatic bit rate detection and calibration. It features 1 6 
configurable I/O port pins with programmable direction, 
digital and analog modes. 

The P82C1 50 provides a configurable event capture 
facility supporting automatic transmission caused by a 
change on the port input pins. 

The clock oscillator requires no external components, 
thus, the cost of the CAN link is reduced significantly. 

The P82C1 50 is a very cost-effective way to increase the 
I/O capability of a microcontroller as well as to reduce the 
amount and complexity of wiring. Advanced safety is 
provided by the CAN protocol. 

Applications; 

- body electronics and instrumentation in automotive 
applications 

- sensor/actuator interface in automotive and general 
industrial applications 

- extension of I/O capabilities of microcontrollers. 


3. ORDERING INFORMATION 


EXTENDED 

TYPE NUMBER 

PACKAGE 

TEMPERATURE 
RANGE (OC) 

PINS 

PIN POSITION 

MATERIAL 

CODE 

P82C1 50 AHT 

28 

S028 

plastic 

SOT136A 

-40 to -hi 25 
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CAN-bus inputs 


reference REF 

voltage output 


CAN-bus outputs 


RST (reset) 



A/D feedback output 


I ► A/D comparator input 

|£l!^ multiplexed A/D signal 
analog 

' ^ input ' 

^P12^ 

i comparator 
P11 I inputs 


P10 DPMI 
* ^ output 


analog inputs, 
analog switches 


identifier 

programming 


Fig. 2 Functional diagram. 
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5 PINNING 

PIN CONFIGURATION 


SYMBOL 

PIN 

DESCRIPTION 

P2 



P3 


I/O ports P 2 to P3; Identifier programming input 

P4 


I/O port 4; DPM2 output 

Vssi 

4 

logic ground (0 V; logic circuits and CAN-bus driver) 

P5 

5 


P 6 

6 

I/O ports P5 to P 6 ; analog input 

P7 

7 

I/O port 7; analog input or A/D comparator 1 output 

Vqdi 

8 

+5 V supply voltage (logic circuits and CAN-bus driver) 

P 8 

9 

I/O port 8 ; analog input or comparator 3 output 

P9 

10 

I/O port 9; analog Input or comparator 2 output 


11 

I/O port 10 ; comparator 3 inverting input or DPMI output 

P11 

12 

I/O port 11 ; comparator 3 non-inverting input 

P12 

13 

I/O port 12; comparator 2 inverting input 

P13 

14 

I/O port 13; comparator 2 non-inverting input 

P14 

15 

I/O port 14; multiplexed analog signal 

P15 

16 

I/O port 15; A/D comparator input 

P16 

17 

feedback output of A/D converter 

VdD 2 

18 

+5 V supply voltage (CAN input, oscillator, reference) 

REF 



19 

reference voltage output ( 1/2 Vq 02 ) 


20 

analog ground (0 V; CAN input, oscillator, reference) 


21 

CAN-bus input 

ESH 

22 

RST 

23 

external reset input (active-HIGH) 

TEST 

24 

test input; connected to ground 

TXO 

25 

open-drain CAN-bus output: 
dominant = LOW; recessive = floating 

TX1 

26 

open-drain CAN-bus output: 

dominant = HIGH; recessive or at bus mode 2 floating 

PO 

27 


PI 

28 

I/O ports PO to PI ; Identifier programming input 



MEH474 


P2 |T 

u 


P3 [T 






Vssi [T 



P5 [T 


13 

P6 [T 




P82C150 


Vddi |_^ 


P8 [T 


















Fig.3 Pin configuration. 
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6. FUNCTIONAL DESCRIPTION 

6.1. I/O functions 

The PC82C150 provides 1 6 port pins (P15 to PO) which 
are individually configurable via CAN-bus. Besides the 
digital I/O functions some of these port pins provide 
analog I/O functions. 

Digital input functions; 

Input levels HIGH and LOW on the port pins (PI 5 to PO) 
can be read in two ways by the host node: 

polling: a Remote Frame is sent to the P82C1 50 to 
be answered by a Data Frame containing the Data 
Input Register contents 

event capture: in case of edge-triggered mode, the 
P82C1 50 sends the same Data Frame caused by the 
event of a rising and/or falling edge on the 
corresponding port pins (Table 2). 

Digital output functions: 

The Data Output Register is set via a CAN message. Its 
content is only output when the corresponding bits of the 
Output Enable Register are set to "1 

Analog input/output functions: 

up to six multiplexed analog input signals for A/D 

conversion or general purpose 

up to two quasi-analog output channels (DPM) 

two input comparators, for example for window 

comparator applications 

a separate A/D input comparator with feedback 

output (1 0-bit ±2 LSB A/D conversion) 

A/D converted digital results are obtained by reading the 
A/D register. Analog functions of each port pin are 


individually controlled by the Analog Configuration Register. 
Writing the I/O registers is done serially via CAN-bus by 
Data Frames. The first data byte contains the register 
address, and the second and third data bytes represent the 
register contents. If a read-only register is addressed, the 
contents of the second and third data bytes are ignored, 
it is recommended to set unused port pins defined HIGH 
(1 00 kl2 resistor to Vgo)- 

6.1.1. Data input Register (address 0; read only) 

This register contains the states of port pins P15 to PO 
which are transmitted on request, or automatically by 
change of one of the input levels, provided that the 
respective input is configured to event capture mode 
(Table 2). When an edge is detected, the port state is 
loaded after sending the Control Field of the triggered 
message. Thereby a delay for input settling is provided. 
Additionally, the register content is sent automatically 
after a reset or bus mode change, once the bit time has 
been calibrated. 

6.1 .2. Positive Edge Register (address 1 ; write only) 

This register contains configuration information per port 
pin for the event capture facility. The corresponding PE-bit 
(Table 2) has to be set to "1 " to enable capturing of the 
rising edge. 

6.1.3. Negative Edge Register (address 2; write only) 

This register contains configuration information per port 
pin for the event capture facility. The corresponding 
NE-bit (Table 2) has to be set to "1" to enable capturing of 
the falling edge. 

The combination of PE and NE functions is possible. 


Table 1 I/O Register map 


REGISTER 

ADDRESS 

MSB 

15 14 13 12 

11 

10 

9 

8 

7 

6 5 

4 

3 

2 

LSB 

1 

0 

Data input 

0 

DI15 DI14 DI13 DI12 

Dill 

DUO 

DI9 

DI8 

DI7 

DI6 DI5 

DI4 

DI3 

DI2 

Dll 

DIO 

Positive edge 

1 

PE15 PE14 PE13PE12 

PE11 

PE10 

PE9 

PE8 

PE7 

PE6 PE5 

PE4 

PE3 

PE2 

PEI 

PEO 

Negative edge 

2 

NE15NE14NE13NE12 

NE11 

NE10 

NE9 

NE8 

NE7 

NE6 NE5 

NE4 

NE3 

NE2 

NE1 

NEO 

Data output 

3 

D015D014D013D012 

D011 

DO10 

D09 

D08 

D07 

D06 DOS 

D04 

DOS 

D02 

D01 

DOO 

Output enable 

4 

0E150E140E130E12 

OE11 

OE10 

OE9 

OE8 

OE7 

OE6 OE5 

OE4 

OE3 

OE2 

OE1 

OEO 

Analog 

configuration 

5 

ADC OC3 OC2 OC1 

0 

M3 

M2 

Ml 

SW3SW2SW1 

0 

0 

0 

0 

0 

DPMI 

6 

DP9 DPS DP7 DP6 

DPS 

DP4 

DP3 

DP2 

DPI 

DPOO 

0 

0 

0 

0 

0 

DPM2 

7 

DQ9 DQ8 DQ7 DQ6 

DQ5 

DQ4 

DQ3 

DQ2 

DQ1 

DQOO 

0 

0 

0 

0 

0 

A/D 

8 

AD9 ADS AD7 AD6 

ADS 

AD4 

AD3 

AD2 

ADI 

ADOO 

0 

0 

0 

0 

0 
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Table 2 Programming of the I/O registers to event capture on edge or to digital output function (X = don't care) 


REGISTER CONTENTS 
OF PARTICULAR 

PORT PIN 

bits 

DIGITAL INPUT FUNCTION 

DIGITAL 

OUTPUT 

FUNCTION 

POLLING 

EVENT CAPTUR 
RISING 

E ON EDGE 
FALLING 

RISING AND FALLING 

Positive edge 

PE 

X 

1 

0 

1 

X 

Negative edge 

NE 

X 

0 

1 

1 

X 

Output enable 

OE 

X 

X 

X 

X 

1 


6.1.4. Data Output Register (address 3; write only) 

This register contains the output data for the port pins. 
The output drivers are bitwise enabled by OE. 

6.1.5. Output Enable Register (address 4; write only) 

This register controls the output drivers of the port pins. 
The corresponding Output Enable Register bit has to be 
set to "1" to enable an output driver. If set to "0", the 
corresponding output driver is disabled (floating; Fig.4). 

6.1.6. Analog Configuration Register 
(address 5; read/write) 

This register contains the bits ADC, OC3 to OC1 , M3 to 
M1 and SW3 to SW1 (Fig. 5). 

ADC BIT (A/D conversion start bit; write-only bit): 

The P82C1 50 starts an A/D conversion cycle at 
ADC = 1 ended with the transmission of a message 
containing the result. After that, the ADC bit is reset 
automatically. 

OC3 TO OC1 BITS (comparator output data; read-only bits); 

The P82C1 50 sends back the logical output value of 
these comparators after having received a Data Frame 
(6.2.3.) addressing the Analog Configuration Register. 
Monitoring is also possible by using the event capture 
facility. 


[ 



y 

> 

P82C150 

3-state buffer 


MEH477 

Fig.4 I/O port pins. 


M3 TO M1 BITS (multiplexer control bits; write-only bits): 

The logical value of the comparators is monitored on port 
pins P8, P9 and P7 (Fig. 5) by setting M3 to M1 to "1", 
provided that these pins are configured as outputs 
(OE = 1). 

SW3 TO SW1 (analog switch control bits; write-only bits): 


One of the analog switches S1 to S6 can be closed by 
setting the switch bits to the corresponding value (Fig.5); 


SW3 

SW2 

SW1 


0 

0 

0 

no switch closed (SO) 

0 

0 

1 

SI closed 

0 

1 

0 

S2 closed 

0 

1 

1 

S3 closed 

1 

0 

0 

S4 closed 

1 

0 

1 

S5 closed 

1 

1 

0 

S6 closed 

1 

1 

1 

reserved 


Evidently if P14 is driven, it may not be connected to any 
other driven pin via the internal analog switches (avoid 
short-circuit!). 

6.1.7. DPMI Register (address 6; write only) 

A quasi-analog output signal on port pin P10 is generated 
by distributed pulse modulation (DPM; Fig.8) if the 
Output Enable bit is set (OE1 0 = 1). The DPMI output 
signal is inverted by setting D01 0 = 1 . The number of 
output pulses during a DPM period is given by the 
DPMI Register value. These pulses have 4 x tQLK length 
and are distributed over the DPM period (Flg.8). 

An analog voltage is provided after smoothing the output 
signal by an external RC combination. 

6.1.8. DPM2 Register (address 7; write only) 

The function of the DPM2 output (P4) and the DPM2 
Register correspond to the definition of DPMI . 

6.1.9. A/D Register (address 8; read only) 

This register contains the result of the A/D converted 
level of that I/O pin which was selected by the SW bits. 
The conversion is started by ADC-bit set to "1 ", or by 
transmitting a Data Frame addressing the A/D Register. 
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6.2. CAN functions 

The P82C150 meets the CAN protocol specification 
version 2.0 A and B (passive) with restricted bit timing 
because of the on-chip RC-oscillator. 

In a system with P82C150 nodes there must be at least 
one conventional crystal-operated CAN controller (host 
node), that is responsible to control P82C150 nodes. 
P82C150 nodes cannot control each other. 

Each time a P82C150 node receives a Data Frame, it 
initiates the transmission of a Data Frame containing four 
bits status information, the register address (previously 
received) and the current contents of the addressed 
register. This enables the host node to verify that the 
addressed register has correctly been written in case of 
writable registers, and to read the contents in case of 
readable registers. 


Table 3 Message types and format 


FRAME 

TRANSMISSION 

RECEPTION 

Data Frame 

yes (DLC = 3; 
D1R= 1) 

yes (DLC = 3; DIR = 0; 
calibration message with 
DLC = 2 to 8 allowed) 

Remote Frame 

no 

yes (DLC = 3; D1R = 1) 

Error Frame 

yes 

yes 

Overload 

Frame 

yes (only as a 
response) 

yes 


6.2.1. CAN Identifier 

Data and Remote Frames to be processed by the 
P82C150 are of Standard Format with 11 Identifier bits 
ID.IOto ID.O. Frames with extended Identifier (CAN 
specification version 2.0 B) are ignored. 


ID.10 

Identifier 

ID.O 


0 1 P3 1 0 

P2 PI PO 1 

0 DIR 

RTR 

1 =: recessive; 0 

= dominant 




P3 to PO programmable identifier bits read from 
port pins P3 to PO during reset. 

DIR "1 ’’ for transmission of Data Frames 

to the host. It must be set to "1" in 
Remote Frames and to "0" in Data Frames 
received from the host. 

RTR Remote Transmission Request bit. 

The input levels on P3 to PO , for example set by resistors 
to Vgs or Vqq, are latched in the Identifier latch with the 
falling edge of the RST input signal. They represent the 
variable part of the Identifier, while the remaining bits are 


fixed (mask-programmed). P3 to PO can be used as I/O 
ports after reset. 

The way of identifier programming is based on two facts: 

- each P82C1 50 operates with only two Identifiers at 
which the higher priority Identifier is used for Data 
Frame reception (there is an extra Identifier for 
calibration purpose) 

- there can be maximum sixteen P82C1 50 circuits in 
one network. 

6.2.2. Transmission of Data Frames 

Data Frames transmitted by the P82C150 contain three 
data bytes (Fig. 6). The first data byte contains the status 
information and the register address A3 to AO, the other 
two data bytes contain the content of the addressed 
I/O Register. 

I status I register address I 

RSTD EW BM1 BMO A3 A2 A1 AO 

RSTD It is "1 " in the first message after the 

successful detection of the bit rate 
(bit time calibrated). 

EW "1", If the error warning limit (32) is 

reached 

BM1 , BMO bus mode status bits 
A3 to AO register address bits 


The EW status bit is set when the Receive Error Counter 
or the Transmit Error Counter have exceeded the Error 
Warning Limit of 32, also temporarily, since the last 
successful transmission of a message. 

After each successful message transmission , the 
P82C1 50 delays the transmission of a possibly further 
pending message for three bit times. The reason is to give 
other CAN controllers - with a lower identifier priority - 
the possibility to transmit a message in case of faulty 
contact at one of the edge-triggered port pins. 


6.2.3. Reception of Data Frames and Remote Frames 

Received Data Frames have the same format as 
transmitted ones, only the DIR-bit (ID.O) in the 
Arbitration Field is different. The status bits RSTD, EW, 
BM1 and BMO are ignored during reception. 

The P82C1 50 confirms each reception of a Data Frame 
by transmitting a Data Frame containing the (new) 
contents of the addressed I/O Register. 
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Exceptions from this rule: 

1. Analog Configuration Register: 

If a P82C1 50 receives a Data Frame addressing the 
Analog Configuration Register and the ADC bit is set 
to "1 ", it will respond with two messages. The first 
message returns the contents of the Analog 
Configuration Register. The control instructions are 
executed (e. g. next analog input channel selected), 
and an A/D conversion cycle is started after a set-up 
time. After finishing the A/D conversion cycle, the 
second message is transmitted containing the result 
(A/D Register). 

2. A/D Register: 

On receiving a Data Frame addressing the A/D 
Register, the P82C1 50 starts an A/D conversion cycle. 

It automatically returns the result of the conversion 
(/VD Register) by transmitting a respective 
Data Frame after finishing the A/D conversion cycle. 

3. At normal operation, the calibration messages are 
confirmed by returning a dominant bit in the 
acknowledge slot. There is no particular confirmation 
message returned by the P82C150. Only after 
entering the calibrated state (start-up), a Data Frame 
containing the Data Input Register contents is 
transmitted indicating to the host node, that the 
P82C1 50 is now ready for transmission. 


Remote Frame: 

Received Remote Frames must have the Data Length 
Code DLC = 3 (Remote Frames with DLC ^ 3 are 
ignored). It is answered by a Data Frame containing the 
contents of the Data Input Register. 

6.2.4. CAN-bus modes 

The P82C1 50 can pass through four CAN-bus modes 
under certain conditions (Fig. 7). In the bus modes 0 to 2 
(Table 4) the P82C150 is operating with different input 
comparator configurations. Bus mode 3 is the power 
reduced Sleep Mode. 

The bus modes support: 

communication on two balanced wires (differential 
system) 

communication on one wire in a two-wire differential 
system 

Sleep Mode with wake-up via either of the ^wo RX 
inputs 

connection of a second transmission medium 
(redundancy) 

There are two possibilities for condition 1 to switch to the 
next mode: 

overflow of the bit counter when 81 92 is reached 
since the last calibration message or since end of 
reset 


SOF 


ARBITRATION FIELD 













— IDO 

0 

0 1 

P3 j 1 

0 1 P2 1 PI 

PO j 1 

0 1 DIR |rTR 


CONTROL FIELD 


reserved 

Data Length Code 

P82C150 status 

register address 


0 

0 

0 

1 

1 

rstd 

EW 

BM1 

BMO 

A3 

A2 

A1 

AO 


BYTE 2 

I/O Register data{1 5-8) 

BYTE 3 

I/O Register data(7-0) 

X 




x 

X 




X 

X 

X 


X 

X 



SOF = Start of Frame 

RTR = RemoteTransmission Request 

P3 to PO = equals programmed Identifier bits 


Fig. 6 P82C1 50 Data Frame. 
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Table 4 CAN-bus modes 


BUS MODE 

BITS 

RECEPTION LEVEL 


TRANSMISSION 



BM1,BM0 

RECESSIVE 

DOMINANT 

TX1 

TXO 

0 

Differential 

00 

RXO > RX1 

RXO < RX1 

enabled 

enabled 

1 

One-wire RX1 

01 

RX1 < REF 

RX1 > REF 

enabled 

enabled 

2 

One-wire RXO 

10 

RXO > REF 

RXO < REF 

disabled 

enabled 

3 

Sleep 

11 

RXO > REF 

RXO < REF 

disabled 

disabled 



and RX1 < REF 

or RX1 > REF 
i 




Note to Table 4 

Output TX1 is disabled in bus mode 2 to tolerate short-circuit between the CAN-bus wires CAN_H and CAN_L 


overflow of the Transmit Error Counter 
(>255; bus-off limit reached). 

The P82C150 is in mode 0 after reset. All I/O Registers are 
cleared (outputs floating) when bus mode changes (e.g. by 
bus-off or Sleep Mode); the status bits are set additionally; 

RSTD = 1 
EW =0 

“ B^old ^ 

The programmed Identifier bits remain unchanged. 

During Sleep Mode, the internal RC oscillator is stopped, 
and all the output drivers are disabled (I/O Register 
contents cleared). A P82C1 50 in Sleep Mode can only 
be awoken via CAN-bus (dominant level on RXO or RX1 ) 
or by a reset condition. 

6.2.5. Bit timing 

The Nominal Bit Time of the P82C150 is subdivided into 
10 Time Quanta. The Synchronization Time Segment 
(SYNC_SEG) and the Propagation Time Segment 
(PROP_SEG) are each one Time Quantum long. The 
Phase Buffer Segment 1 (PHASE_SEG1) and the Phase 
Buffer Segment 2 (PHASE_SEG2) are each four Time 
Quanta long. The Resynchronization Jump Width (SJW) 
is four Time Quanta long. The sample point is located at 
the end of the Phase Buffer Segment 1 . The Nominal Bit 
Time is internally adjusted to that bit timing which is 
provided by the crystal driven host (calibration message). 


BT1 

BT2 

1 BIT TIME 

BT3 BT4 BT5 BT6 

BT7 BT8 BT9 BT10 

SYNC 

SEG 

PROP 

SEG 

PHASE_SEG1 

PHASE_SEG2 


The usable bus length at a given bit rate is reduced in 
comparision to other CAN controllers with programmable 
bit timing because the Propagation Time Segment is fixed 
to 1/10 length of the Nominal Bit Time. 


end of reset 

/differentialV 

f MODE 

Inputs: RXO, RXI 
Outputs: TXO, TX1 




Condition 2 


Condition 1 

/ SLEEP \ 
/ MODE > 

i Inputs; RXO, RX1 
\ Outputs; no y 

( 

/ ONE-WIRE \ 

RX1 MODE \ 

Input; RXI ] 

Outputs: TXO, TXl J 

Condition 1 \ 

V^ONE-WIRE\ 

( RXO MODE \ 

Condition 1 

i 

{ 

Input: RXO j 

t Output: TXO j 

I 

MEH4aO-1 

Fig.7 CAN-bus modes and switch-over conditions. 

Condition 1 : 

bit counter overflow (>81 91 ) or Transmit Error 
Counter overflow (>255). 

Condition 2: 

dominant bit detected on RXO or RX1 
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6.2.6. CAN-bus transceiver 

The transceiver of the P82C150 consists of the 
configurable input comparator and of complementary 
open-drain driver outputs. The reference voltage REF is 
an additional output. 

CAN-bus input comparator (RXO, RX1): 

The input comparator monitors the transient voltage on 
RX1 and RXO. 

The result of the input comparator is "1 " if the voltage 
levels of the CAN-bus lines are regarded as recessive, 
and "0" if they are regarded as dominant. 

The recessive state and the dominant state are not 
equivalent and may not be mixed-up. 

The input comparator is configurable depending on the 
four CAN-bus modes (Table 4), supporting battery-powered 
applications (Sleep Mode) and tolerance against bus 
wiring failures. 

CAN-bus output drivers (TXO, TX1) 

The output driver function is shown in Table 5. The output 
driver TX1 is disabled in bus mode 2 to tolerate a 
short-circuit between the CAN-bus lines in a two-wire 
differential CAN physical layer. 

6.2.7. Transmit and receive logic 

The transmit and receive logic stores the destuffed bit 
stream which was received or is about to be transmitted. 
The incoming Identifier is compared with that of the 
P82C1 50. The content of the message is transferred to 
the port logic in case of matching. 

At transmission, the message about to be sent is put 
together: the Identifier, the status information, the register 
address and the content of the addressed register from 
the port logic. 


6.2.8. Bit Stream Processor 

and Error Management Logic 

The Bit Stream Processor (BSP) is a sequencer to control 
the data stream between the transmit/receive logic 
(parallel data) and the on-chip CAN transceiver (serial 
data). Reception/transmission, bit stuffing/destuffing, 
arbitration and error detection, according to CAN protocol 
specification version 2.0 A and B (passive), are performed. 
Further, automatic re-transmission of corrupted messages 
is handled by means of continuously comparing the 
output bit stream with the input bit stream. 

Moreover, the Bit Stream Processor provides control 
information to calibrate the internal bit time. 

The Error Management Logic is responsible for the 
complete CAN-inherent error management. 

6.2.9. Oscillator and calibration 

The P82C1 50 contains an on-chip RC-oscillator. The bit 
time is automatically calibrated by messages being 
received via CAN-bus. During start-up (after wake-up or 
reset) any message is used to calibrate the bit time until 
the calibration is sufficient to receive messages correctly. 
From this time on, the bit time is calibrated and fine-tuned 
by calibration messages with a special Identifier 
transmitted by the crystal-operated host. 

Only P82C150 nodes being calibrated by calibration 
messages can transmit messages. The first message is 
transmitted directly after entering the calibrated state. 
Since the P82C1 50 is not able to transmit as long as the 
bit time is not calibrated, it cannot wake-up other CAN 
nodes via the bus line. Hence to keep the network alive, 
the calibration message must be transmitted regularly by 
a crystal -operated (host) node with a maximum repetition 
period of 81 92 bit. It is recommended to transmit two 
calibration messages within a period of 81 92 bit. 


Table 5 CAN-bus driver output function 


CAN OUTPUT 

RECESSIVE 

DOMINANT 

DOMINANT 

RESET STATE, BUS-OFF AND 



(MODES 0 AND 1) 

(MODE2) 

SLEEP MODE (MODE 3) 

TXO 

floating 

LOW 

LOW 

floating 

TX1 

floating 

HIGH 

floating 

floating 


Table 6 Example of a suitable calibration message. The two important 1/0 transitions are marked (1 ). 


SOF 

ARBITRATION 

FIELD 

CONTROL 

FIELD 

DATA BYTE 1 

DATA BYTE 2 

CRC FIELD 

0 

000 1010 1010 0 

0001010 

1010 1010 

00001 0100 

00010 1011 1000 0010 


I = stuff bit (recessive): (1 ) the total length is 67 bit from start-of -frame to end-of-intermission. 
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6.2.10. Calibration message 

The calibration message has to meet the following 
requirements 

- transmitted by a crystal-operated node (host node) 

- identifier: 000 1010 1010 (1 = recessive; 0 = dominant) 

- RTR bit: 0 

- allowed control field: DLC = 2 to 8 

- the first recessive to dominant transition after the 
control field must be followed by another recessive 
to dominant transition in a distance of exactly 32 bit 
(stuff bits included). 

Example of a suitable calibration message (there are 
others using different data bytes; Table 6): 

data length code; 001 0 

1st data byte 1010 1010 (AAh) 

2nd data byte 0000 01 00 (04h) 


6.3. Initialization 

6.3.1. Identifier programming 

Most of the P82C150 identifier bits are fixed. Four bits are 
programmable via port pins P3 to PO. All output drivers are 
disabled at reset, also P3 to PO. Thus the outputs are 
floating unless the input level is defined by external 
components to define identifier bits. They are latched at 
the end of reset, and P3 to PO can be used as port pins. 

It is not allowed, according to the CAN protocol 
specification, that multiple bus nodes transmit the same 
identifier bit combination. Therefore a P82C150 must 
have one of the 16 possible identifier bit combinations, 
one that is not yet occupied. 

6.3.2. Reset function 


RST = HIGH disables all output drivers PI 6 to PO, TXO 
and TX1. All I/O Registers are automatically cleared and 
set to "0". The bit time is set greater than 50 ps. 

After reset: status bits identifier bits 


RSTD = 1 
EW = 0 
BM1 = 0 
BMO = 0 


ID. 8 equals P3 
ID. 5 equals P2 
ID. 4 equals PI 
ID.3 equals PO 


6.3.3. Bit time calibration 

The P82C150 must receive at least two messages to 
calibrate its bit time after reset or change of bus mode. 
The first message is used to detect the bit time length 
between two consecutive falling edges at the output of the 
CAN input comparator. Therefore the bit stream should 
contain a sequence of "1 01 0”. 

If this measurement is not disturbed, the P82C150 is able 
to receive messages correctly and to execute the 
respective commands. The P82C150 is fully calibrated 
and transmits its first bit (acknowledge) after a successful 
reception of a calibration message. Thus the P82C150 is 
enabled to transmit messages. 

Sign-on message; 

This special Data Frame is transmitted once by the 
P82C1 50 after entering the calibrated state. It indicates 
to the host node that the P82C150 is ready for 
transmission. 

The sign-on message returns the contents of the Data 
Input Register, and can be recognized by the host node 
by checking the RSTD status bit. 

Sign-on message RSTD = 1 ; 
other Data Frames RSTD = 0. 


If a particular clock period is neccessary, e. g. for a 
dedicated DPM output frequency, this can be achieved by 
feeding an external clock signal into PO. RST and TEST 
must be permanently HIGH for this special mode. A reset 
is then performed as usual (RST = HIGH; TEST = LOW). 
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Fig.8 

DPM output pulses at DO10(4) = 

0; output pulses are inverted at DO10(4) = 1 . 


Distributed pulse modulation (DPM) is a special pulse count modulation. 


7. LIMITING VALUES 

In accordance with the Absolute Maximum Rating System (lEC 134). 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

VdD 

supply voltage on Vqq pins 

-0.5 

6.5 

V 

V| 

DC input voltage on any pin 
(RXO, RX1, TXO, TX1 excluded) 

-0.5 

Vdd+0.5 

V 


RX1 and RXO input current 

- 

±2 

mA 

■ref 

reference output current 

- 

±2 

mA 

b 

port output current at port enabled (pins PO to PI 5) 

- 

±5 

mA 

port output current at analog switch enabled 
(OE-bits = 0; pins P5 to P9, PI 3, PI 4) 

- 

±7.5 

mA 

TXO and TX1 output current 

- 

±30 

mA 

Fq tot 

total output power dissipation (port outputs together) 

- 

200 

mW 

^amb 

operating ambient temperature range 

-40 

+125 

OC 

Tstg 

storage temperature range 

-65 

+150 


Ffot 

total power dissipation 

- 

1 

w 
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8. CHARACTERISTICS 
8.1. DC CHARACTERISTICS 

Vqd = 5 V ±4 %; V 33 = 0 V and T^nib = °C unless otherwise specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

Q 

Q 

> 

— 

supply voltage range 


4.8 

5.2 

V 

bo 

supply current 

VrsT = VdD’ 

all outputs unloaded 

, 

22 

mA 

•SM 

Sleep Mode supply current 

all outputs unloaded 

- 

tbf 

HA 

CAN input comparator RXO and RX1 1.5 V < V| < 

Vdif 

differential input voltage 


±25 

- 

mV 

Vhyst 

input voltage hysteresis 

note 1 

8 

- 

mV 


input current 


- 

±400 

nA 

CAN output driver TXO and TX1 port pins P16 to PO unloaded 

Volt 

output voltage LOW 

Iq l_y = 1 .5 mA 

- 

0.1 

V 

Vq ht 

output voltage HIGH 

b HT = -5 fTiA 

Vdd“ 0 .i 

- 

V 

Reference voltage REF 

Vref 

reference output voltage 

Iq < ±75 pA 



V 


minimum 


1 /2 V0p2“f^^ 


mV 


maximum 



1 /2 VQp2+f^^ 

mV 

Control inputs RST and TEST 

V|L 

input voltage LOW 


-0.5 

1.5 

V 

VlH 

input voltage HIGH 


3.5 

Vdd+0-5 

V 

Vhyst 

input voltage hysteresis 

note 1 

0.5 

_ 

V 

Digital port inputs P15 to PO 

V|L 

input voltage LOW 


-0.5 

1.5 

V 

V|H 

input voltage HIGH 


3.5 

Vdd+0.5 

V 

Digital port outputs P16 to PO OE bits set 

VoL 

output voltage LOW 

Iq L = 4- (sink) 

- 

1 

V 

Vqh 

output voltage HIGH 

Iq H = “4 mA (source) 

Vdd-'* 


V 

OC2 comparator PI 2, P13 and OC3 comparator P10, P11 

VpiFI 

differential input voltage 

1.5 V < V| < (Vdd-1.5) V 

tbf 

- 

mV 
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SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 


UNIT 

A/D comparator input P15 1 .5 V < V| < (Vqq2~^ •^) ^ 

Visw 

input switch-over voltage 

minimum 

maximum 


VDcy2-tbf 

VoD^^+thf 

V 

V 

'Ll 

input leakage current 


- 

±1 

fiA 

Analog switches Iqn = ±4 mA 


ON resistance 

between P5 to P9, PI 3 
and PI 4; note 1 

- 

tbf 

n 


Note to the DC characteristics 

1 . Not tested during production. 


8.2. AC CHARACTERISTICS 

Vqd = 5 V ± 4 %; Vss = 0 V and Tg^y^b = to +1 25 °C; = 1 00 pF unless otherwise specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

^CLK 

system clock frequency 


4 

10 

MHz 

^bit 

bit time on CAN-bus 

internal oscillator 

8 

50 

p.s 

•d 

total signal delay of CAN 
input comparator and 

CAN output driver 

1.5V< V|<(Vdd-1.5) V; 

Vqip = ±25 mV 


200 

ns 

Vep 

repetition time of calibration 
message 


- 

8192 

bit 

A/D comparator Input P15 

^cyc 

A/D conversion cycle time 


0.4 

1.1 

ms 

^init 

initialization time 
of A/D conversion 


0.4 

2.1 

ms 

Comparator OC2 (P12, P13 inputs) and comparator OC3 (P10, P11 Inputs) 

Vesp 

response time 

VpiFi = 00 mV 

- 

tbf 

fiS 

DPMI and DPM2 outputs 

bPM 

repetition time of DPM cycle 

Fig.8 

0.4 

1.1 

ms 


November 1 992 


434 








Philips Semiconductors Microcontroller Products 


Preliminary specification 


CAN serial linked I/O device 
with digital and analog port functions 


82C150 


9. APPLICATION INFORMATION 
Maximum bus length 

Table 7 Maximum bus line length for CAN-bus systems with P82C1 50 nodes. The bit timing parameters refer to using 
a P8xCE598 or P8xC592 microcontroller with on-chip CAN interface as a host node (Fig. 12). 

Assumptions: 

- the total in/out delay of external transceiver circuit is 120 ns (e. g. PCA82C250 CAN transceiver; Fig. 13) 

- the propagation delay on the transmission medium is 5.5 ns/m. 


BIT RATE 

(kbit/s) 

tprop/2 (notel) 

(FS) 

MAXIMUM 

BUS LENGTH 

BIT TIMING (P8x CE 598/P8xC592) 

fcLK (MHz) 1 BTRO (note 2) | BTR1 (note 2) 

125 

0.8 

80 m 

15 

C5h 

34 h 

100 

1 

120 m 

16 

C7h 

34 h 

50 

2 

300 m 

16 

CEh 

34 h 

20 

5 

850 m 

16 

E7 h 

34 h 


Notes to Table 7 

1 . tprop / 2 is the maximum propagation delay between two CAN-bus nodes ( delays of on- and off-chip transceiver 
circuits included) 

2. BTRO and BTRI (hex values) are particular configuration registers refering to bit timing. 
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comparison between two y 
analog input signals 4 


P82C150 



message transmission 
when analog input signal 
exceeds threshold voltage 


P82C150 


output enabled and edge-triggered mode (PE and/or NE set) 


message transmission 
when analog input signal 
exceeds upper respectively 
lower threshold voltage 
(window comparator) 


P82C150 



comparators 


output enabled Q^g 

and edge- 

triggered mode Y 

P9 (PE and/or NE set) [ 

output enabled and edge-triggered 
P8 mode (PE and/or NE set) 


local two-step control 
system 


P82C150 



OE8 (OE9) - 

P8 (P9) 

output enabled 


Fig. 9 Examples of comparator applications. 
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P82C150 



P82C150 


]hJpO to P15 



one analog input signal 
for PJD conversion 



two multiplexed analog input 
signals switched for /VD conversion 
(maximum six signals, Fig.5) 


P82C150 


feedback 

analog signal P14 


Fig. 10 Examples of digital I/O and A/D conversion applications. 
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MEH483 


BUK101-50GS and BUK105-50S are Philips TOPFETs 
(temperature and overload protected field-effect-transistors) 

KM110BH/21-90 (Philips) is a magneto-resistive module suitable for angle measurements 


Fig11 Examples of TOPFET applications with P82C1 50. 
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to other 
CAN nodes 


(1) temperature and overload-protected iield-effect-transistor 


Fig.12 System application (ISO/DIS 11519-1 standard). 
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1 FEATURES 

• Multi-master architecture 

• Interfaces with a large variety of microcontrollers 

• Bus access priority (determined by the message 
identifier) 

• 2032 message identifiers 

• Guaranteed latency time for high priority messages 

• Powerful error handling capability 

• Data length from 0 to 8 bytes 

• Configurable bus interface 

• Programmable clock output 

• Multicast and Broadcast message facility 

• Non destructive bit-wise arbitration 

• Non-return-to-zero (NRZ) coding/decoding with 
bit-stuffing 

• Programmable transfer rate (up to 1 Mbit/s) 

• Programmable output driver configuration 

• Suitable for use in a wide range of networks including 
the SAE networks Class A, B and C 

• 16 MHz clock frequency 

• -40 to +85/125 °C operating temperature. 

3 ORDERING AND PACKAGE INFORMATION 


2 GENERAL DESCRIPTION 

The PCA82C200; PCF82C200 (hereafter genericaily 
referred to as PCX82C200) is a highly integrated 
stand-alone controller for the controller area network 
(CAN) used within automotive and general industrial 
environments. The temperature range includes an 
automotive temperature range version (PCA82C200) of 
-40 to +125 ®C and a -40 to +85 °C version 
(PCF82C200) for general applications. 

The PCX82C200 contains all necessary features 
required to implement a high performance 
communication protocol. The PCX82C200 with a simple 
bus line connection performs all the functions of the 
physical and data-link layers. The application layer of an 
Electronic Control Unit (ECU) is provided by a 
microcontroller, to which the PCX82C200 provides a 
versatile interface. The use of the PCX82C200 in an 
automotive or general industrial environment, results in a 
reduced wiring harness and an enhanced diagnostic and 
supervisory capability. 


EXTENDED TYPE 

PACKAGE 

TEMPERATURE RANGE 

NUMBER 

PINS 

PIN POSITION 

MATERIAL 

CODE 

PCA82C200P 

28 

DIL 

plastic 

soil 17 

-40 to +125 °C 

PCA82C200T 

28 

S028 

plastic 

SOT136A 

-40 to +125 °C 

PCF82C200P 

28 

DIL 

plastic 

SOT117 

-40 to +85 X 

PCF82C200T 

28 

S028 

plastic 

SOT136A 

-40 to +85 °C 


November 1992 


441 





Philips Semiconductors Microcontroller Products 


Product specification 


Stand-alone CAN-controller 


82C200 


MODE RST INT*’* 



VdD1 ''dD2 ''dD3 


(1) During ’sleep mode’ this pin functions as an input. 


Fig.1 Block diagram. 
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4 PINNING 


AD6 [T 

U ' 

28l AD5 

AD7 [T 


27] AD4 

ALE (T 


“isl ADS 

cs \T 


25] AD2 

RD [T 


24] ADI 

WR [T 


m ado 

CLKOUT [T 


2^ '^DDI 

^SSI |T 

PCA82C200 

FT] Vss2 

XTAL1 [F 


20l RX1 

XTAL2 


lil RXO 

MODE [TT 


til ''dds 

''dD3 Qi 


Tt] rst 

TXO QI 


lil iNT 

TX1 [U 


151 '^SSS 

MLASaO 

Fig.2 Pin configuration. 
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Pinning description 


SYMBOL 

PIN 

DESCRIPTION 

AD7-AD0 

2, 1,28-23 

Multiplexed address/data bus. 

ALE 

3 

ALE signal (Intel mode) or AS input signal (Motorola mode). 


4 

Chip select Input, LOW level allows access to the PCX82C200. 

RD 

5 

^ signal (Intel mode) or E enable signal (Motorola mode) from the microcontroller. 

WR 

6 

WR signal (Intel mode) or RD/WR signal (Motorola mode) from the microcontroller. 

CLK OUT 

7 

Clock output signal produced by the PCX82C200 for the microcontroller. The clock 
signal is derived from the built-in oscillator, via the programmable divider (see 
section 6.5). This output is capable of driving one CMOS or NMOS load. 

^ssi 

8 

Ground potential for the logic circuits. 

XTAL1 
(note 1) 

9 

Input to the oscillator’s amplifier. External oscillator signal is input via this pin. 

XTAL2 
(note 1) 

10 

Output from the oscillator’s amplifier. Output must be left open when an external 
oscillator signal is used. 

MODE 

11 

Mode select input; connected to Vqd selects Intel mode; connected to Vgs selects 
Motorola mode. 

VdD3 

12 

5 V power supply for the output driver. 

TXO 

13 

Output from the output-driver 0 to the physical bus-line. 

TX1 

14 

Output from the output-driver 1 to the physical bus-line. 

VsS3 

15 

Ground potential for the output driver. 

INT 

16 

Interrupt output, used to interrupt the microcontroller (see section 6.2.4). TFTf is 
active if the Interrupt Register contains a logic HIGH bit (present). INT is an open 
drain output and is designed to be a wired-OR with other INT outputs within the 
system. A LOW level on this pin will reactivate the 1C from the sleep mode (see 
section 6.2.2). 


17 

Reset input, used to reset the CAN interface (LOW level). Automatic power-ON reset 
can be obtained by connecting RST via a capacitor to Vgs and via a resistor to Vq^ 

(e.g. C = 1 pF; R = 50 kQ). 

^DD2 

18 

5 V power supply for the input comparator. 

RX0-RX1 

19. 20 

Input from the physical bus-line to the input comparator of the PCX82C200. A 
dominant level will wake-up the PCX82C200. A recessive level is read if RXO is 
higher than RX1 and vice versa for the dominant level. 

^SS2 

21 

Ground potential for the input comparator. 

Vddi 

22 

5 V power supply for the logic circuits. 


Note 

1 . XTAL1 and XTAL2 pins should be connected to Vgs via 15 pF capacitors. 
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5 FUNCTIONAL DESCRIPTION 

The PCX82C200 contains all necessary hardware for a 
high performance serial network communication (see 
Fig.1). The PCX82C200 controls the communication flow 
through the area network using the CAN-protocol. The 
PCX82C200 meets the following automotive 
requirements: 

• short message length 

• guaranteed latency time for urgent messages 

• bus access priority, determined by the message 
identifier 

• powerful error handling capability 

• configuration flexibility to allow area network 
expansion. 

The latency time defines the period between the initiation 
(Transmission Request) and the start of the transmission 
on the bus. Latency time is dependent on a variety of 
bus related conditions. In the case of a message being 
transmitted on the bus and one distortion the latency 
time can be up to 149 bit times (worst case). For more 
information see section 7. 

5.1 Interface Management Logic (IML) 

The IML interprets commands from the microcontroller, 
allocates the message buffers (TBF, RBFO and RBF1) 
and provides interrupts and status information to the 
microcontroller. 

5.2 Transmit Buffer (TBF) 

The TBF is a 1 0 byte memory into which the 
microcontroller writes messages which are to be 
transmitted over the CAN network. 

5.3 Receive Buffers (RBFO AND RBF1) 

The RBFO and RBF1 are each 10 byte memories which 
are alternatively used to store messages received from 
the CAN network. The CPU can process one message 
while another is being received. 

5.4 Bit Stream Processor (BSP) 

The BSP is a sequencer, controlling the data stream 
between the Transmit Buffer, the Receive Buffer (parallel 
data) and the CAN-bus (serial data). 

5.5 Bit Timing Logic (BTL) 

The BTL synchronizes the PCX82C200 to the bitstream 
on the CAN-bus. 


5.6 Transceiver Control Logic (TCL) 

The TCL controls the output driver. 

5.7 Error Management Logic (EML) 

The EML performs the error confinement according to 
the CAN-protocol. 

5.8 Controller Interface Logic (CIL) 

The CIL is the interface to the external microcontroller. 
The PCX82C200 can directly interface with a variety of 
microcontrollers. 

6 CONTROL SEGMENT AND MESSAGE BUFFER 
DESCRIPTION 

The PCX82C200 appears to a microcontroller as a 
memory-mapped I/O device due to the on-chip RAM, 
guaranteeing the independent operation of both devices. 

6.1 Address allocation 

The address area of the PCX82C200 consists of the 
Control Segment and the message buffers. The Control 
Segment is programmed during an initialization 
download in order to configure communication 
parameters (e.g. bit timing). Communication over the 
CAN-bus is also controlled via this segment by the CPU. 
During initialization the CLOCK OUT signal may be 
programmed to a value determined by the 
microcontroller (see Fig.1 ). A message which is to be 
transmitted, must be written to the Transmit Buffer. After 
a successful reception the microcontroller may read the 
message from the Receive Buffer and then release it for 
further use. 

6.2 Control Segment layout 

The exchange of status, control and command signals 
between the microcontroller and the PCX82C200 is 
performed in the control segment. The layout of this 
segment is shown in Fig.3. After an initial down-load, the 
contents of the registers Acceptance Code, Acceptance 
Mask, Bus Timing Registers 0 and 1 , and Output 
Control should not be changed. These registers may 
only be accessed when the Reset Request bit in the 
Control Register, is set HIGH (see section 6.2.1). 
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ADDRESS 





0 

CONTROL 






1 

COMMAND 






2 

STATUS 






3 

INTERRUPT 






4 

ACCEPTANCE CODE 


CO 


lent 


5 

ACCEPTANCE MASK 






6 

BUS TIMING 0 






7 

BUS TIMING 1 






8 

OUTPUT CONTROL 






9 

TEST 












10 

IDENTIFIER. 

1 

L 




11 

RTR BIT. DATA LENGTH CODE 

J 

r 



12 

BYTE 1 






13 

BYTE 2 






14 

BYTE 3 




>- transmit buffer 


15 

BYTE 4 





16 

BYTES 


da 




17 

BYTE 6 






18 

BYTE 7 






19 

BYTE 8 












20 

IDENTIFIER. 


IDENTIFIER. 


>■ descriptor 


21 

RTR BIT. DATA LENGTH CODE 


RTR BIT. DATA LENGTH CODE 

J 


22 

BYTE 1 


BYTEl 




23 

BYTE 2 


BYTE 2 




24 

BYTE 3 


BYTE 3 



► receive buffer 0 or 1 

25 

BYTE 4 


BYTE 4 


>• data field 

26 

BYTES 


BYTES 



27 

BYTE 6 


BYTE 6 




28 

BYTE 7 


BYTE 7 




29 

BYTES 


BYTES 










31 1 

1 CLOCK DIVIDER | 




MLAaSI 


Fig.3 PCX82C200 address allocation. 
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Table 1 Register map 


TITLE 

ADDR 

7 

6 

5 

4 

3 

2 

1 

0 

Control Segment | 

Control 

Register 

0 

Test 

Mode 

Sync 

reserved 

Overrun 

Interrupt 

Enable 

Error 

Interrupt 

Enable 

Transmit 

Interrupt 

Enable 

Receive 

Interrupt 

Enable 

Reset 

Request 

Command 

Register 

1 

reserved 

reserved 

reserved 

Goto 

Sleep 

Clear 

Overrun 

Status 

Release 

Receive 

Buffer 

Abort 

Trans- 

mission 

Trans- 

mission 

Request 

Status 

Register 

2 

Bus 

Status 

Error 

Status 

Transmit 

Status 

Receive 

Status 

Trans- 

mission 

Complete 

Status 

Transmit 

Buffer 

Access 

Data 

Overrun 

Receive 
Buffer Stat 

Interrupt 

Register 

3 

reserved 

reserved 

reserved 

Wake-Up 

Interrupt 

Overrun 

Interrupt 

Error 

Interrupt 

Transmit 

Interrupt 

Receive 

Interrupt 

Acceptance 

Code 

Register 

4 

ACT 

AC.6 

AC.5 

AC.4 

AC.3 

AC.2 

AC.1 

AC.O 

Acceptance 

Mask 

Register 

5 

AMT 

AM.6 

AM.5 

AM .4 

AM.3 

AM.2 

AM.1 

AM.O 

Bus Timing 
Register 0 

6 

SJW.1 

SJW.O 

BRR5 

BRP.4 

BRP.3 

BRP.2 

BRP.1 

BRP.O 

Bus Timing 
Register 1 

7 

SAM 

TSEG2.2 

TSEG2.1 

TSEG2.0 

TSEG1.3 

TSEG1.2 

TSEG1.1 

TSEG1.0 

Output 

Control 

Register 

8 

OCTP1 

OCTN1 

OCPOL1 

OCTPO 

OCTNO 

OCPOLO 

OCMODE1 

OCMODEO 

Test 

Register 
(note 1) 

9 

reserved 

reserved 

Map 

Internal 

Register 

Connect 

RX 

Buffer 0 
CPU 

Connect 

TX 

Buffer 

CPU 

Access 

Internal 

Bus 

Normal 

RAM 

Connect 

Float 

Output 

Driver 

I Transmit Buffer | 

Identifier 

10 

ID.10 

ID.9 

ID.8 

IDT 

ID.6 

ID.5 

ID.4 

ID.3 

RTR, Data 
Length 

Code 

11 

ID.2 

ID.1 

ID.O 

RTR 

DLC.3 

DLC.2 

DLC.1 

DLC.O 

bytes 1-8 

12-19 

Data 

Data 

Data 

Data 

Data 

Data 

Data 

Data 
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Table 1 Register map (continued) 


TITLE 

ADDR 

7 

6 

5 

4 

3 

2 

1 


Receive Buffer 0/1 | 

Identifier 

20 

ID.10 

ID.9 

ID.8 

iD.7 

ID.6 

ID.5 

ID.4 

ID.3 

RTR, Data 
Length 

Code 

21 

ID.2 

ID.1 

ID.O 

RTR 

DLC.3 

DLC.2 

DLC.1 

DLC.O 

bytes 1 -8 

22-29 

Data 

Data 

Data 

Data 

Data 

Data 

Data 

Data 

Clock 

Divider 

31 

reserved 

reserved 

reserved 

reserved 

reserved 

CD.2 

CD.1 

CD.O 


Notes 

1 . The Test Register is used for production testing only. 

2. Register 30 is not implemented. 
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6.2.1 Control Register (CR) 

The contents of the Control Register are used to change the behaviour of the PCX82C200. Control bits may be set or 
reset by the attached microcontroller which uses the Control Register as a read/write memory. 


Table 2 Description of the Control Register bits 


CR 



ADDRESS 0 

BIT 

SYMBOL 

NAME 

VALUE 

FUNCTION 

CR.7 

TM 

Test Mode 
(note 1) 

HIGH (enabled) 

LOW (disabled) 

PCX82C200 enters Test Mode (normal operation 
impossible). 

Normal operating mode. 

CR.6 

S 

Sync 
(note 2) 

HIGH (2 edges) 

LOW (1 edge) 

Bus-line transitions from recessive-to-dominant and vice 
versa are used for resynchronization (see sections 7.2 
and 8). 

Only transitions from recessive-to-dominant are used for 
resynchronization. 

CR.5 

- 

- 

- 

Reserved. 

CR.4 

OIE 

Overrun 

Interrupt Enable 

HIGH (enabled) 

LOW (disabled) 

If the Data Overrun bit is set (see section 6.2.3), the 
microcontroller receives an Overrun Interrupt signal. 
Microcontroller receives no Overrun Interrupt signal from 
the PCX82C200. 

CR.3 

EIE 

Error Interrupt 
Enable 

HIGH (enabled) 

LOW (disabled) 

If the Error or Bus Status change (see section 6.2.3), the 
microcontroller receives an Error Interrupt signal. 
Microcontroller receives no Error Interrupt signal. 

CR.2 

TIE 

Transmit 

Interrupt Enable 

HIGH (enabled) 

LOW (disabled) 

When a message has been successfully transmitted or 
the transmit buffer is accessible again, (e.g. after an Abort 
Transmission command) the PCX82C200 transmits a 
Transmit Interrupt signal to the microcontroller. 

No transmission of the Transmit Interrupt signal by the 
PCX82C200 to the microcontroller. 

CR.1 

. 

RIE 

Receive 

Interrupt Enable 

HIGH (enabled) 

LOW (disabled) 

When a message has been received without errors, the 
PCX82C200 transmits a Receive Interrupt signal to the 
microcontroller. 

No transmission of the Receive Interrupt signal by the 
PCX82C200 to the microcontroller. 

CR.O 

1 

RR 

Reset Request 
(note 3) 

HIGH (present) 

LOW (absent) 

Detection of a Reset Request results in the PCX82C200 
aborting the current transmission or reception of a 
message and entering the reset state. 

On the HIGH-to-LOW transition of the Reset Request bit, 
the PCX82C200 returns to its normal operating state. 
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Notes 

1 . The Test Mode is intended for factory testing and not for customer use. 

2. The Sync bit should only be modified if the Reset Request bit is set HIGH (present), otherwise it is ignored. It is 
possible to set the Sync bit while the Reset Request bit Is changed from HIGH to LOW. 

3. During an external reset (RST = LOW) or when the Bus Status bit is set HIGH (Bus-Off), the IML forces the Reset 
Request HIGH (present). During an external reset the microcontroller cannot set the Reset Request bit LOW 
(absent). Therefore, after having set the Reset Request bit LOW (absent), the microcontroller must check this bit 
to ensure that the external reset pin is not being held HIGH (present). After the Reset Request bit is set LOW 
(absent) the PCX82C200 will wait for: 

- one occurrence of the Bus-Free signal (11 recessive bits, see section 8.9.6), if the preceding reset (Reset 
Request = HIGH) was due to an external reset or a microcontroller Initiated reset 

- 128 occurrences of Bus-Free, if the preceding reset (Reset Request = HIGH) was due to a PCX82C200 
initiated Bus-Off, before re-entering the Bus-On mode (see section 8.9). 

When Reset Request is set HIGH (present), for whatever reason, the control, command, status and interrupt bits 
are affected, see Table 3. When Reset Request is set HIGH (present) the registers at addresses 4 to 8 are 
accessible but the TBF is not. 


Table 3 Effects of setting the Reset Request bit HIGH (present) 


TYPE 

BIT 

FUNCTION 

EFFECT 

Control 

CR.7 

Test Mode 

LOW 

(disabled) 

Command 

CMR.4 

Goto Sleep 

LOW 

(wake-up) 


CMR.3 

Clear Overrun Status 

HIGH 

(clear) 


CMR.2 

Release Receive Buffer 

HIGH 

(released) 


CMR.1 

Abort Transmission 

LOW 

(absent) 


CMR.O 

Transmission Request 

LOW 

(absent) 

Status 

SR.7 

Bus Status 

LOW 

(Bus-On) (note 1 ) 


SR.6 

Error Status 

LOW 

(no error) (note 1 ) 


SR.5 

Transmit Status 

LOW 

(idle) 


SR.4 

Receive Status 

LOW 

(idle) 


SR.3 

Transmission Complete Status 

HIGH 

(complete) 


SR.2 

Transmit Buffer Access 

HIGH 

(released) 


SR.1 

Data Overrun 

LOW 

(absent) 


SR.O 

Receive Buffer Status 

LOW 

(empty) 

Interrupt 

IR.3 

Overrun Interrupt 

LOW 

(reset) 


IR.1 

Transmit Interrupt 

LOW 

(reset) 


IR.O 

Receive Interrupt 

LOW 

(reset) 


Note 

1 . Only after an external reset; see note 1 to Table 5 "Description of the Status Register bits". 
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6.2.2 Command Register (CMR) 

A command bit initiates an action within the transfer layer of the PCX82C200. The Command Register appears to the 
microcontroller as a write only memory. If a read access is performed to this address the byte 11111111 (binary) is 
returned. 


Table 4 Description of the Command Register bits 


CMR 



ADDRESS 1 1 

BIT 

SYMBOL 

NAME 

VALUE 

FUNCTION 

CMR.7 

- 

- 

- 

Reserved. 

CMR.6 

_ 

- 

- 

Reserved. 

CMR.5 

- 

- 

- 

Reserved. 

CMR.4 

GTS 

GoTo Sleep 
(note 1 ) 

HIGH (sleep) 

LOW (wake up) 

The PCX82C200 enters sleep mode, if the INT = HIGH 
(no interrupt signal from the PCX82C200 to the 
microcontroller pending or external source pending) 
and there is no bus activity. 

The PCX82C200 functions normally. 

CMR.3 

COS 

Clear Overrun 
Status 
(note 2) 

HIGH (clear) 

LOW (no action) 

The Data Overrun status bit is set to LOW (see section 
6.2.3). 

No action. 

CMR.2 

RRB 

Release Receive 

Buffer 

(note 3) 

HIGH (released) 

LOW (no action) 

The receive buffer attached to the microcontroller is 
released. 

No action. 

CMR.1 

AT 

Abort 

Transmission 
(note 4) 

HIGH (present) 

LOW (absent) 

If not already in progress, a pending Transmission 
Request is cancelled. 

No action. 

CMR.O 

TR 

transmission 
Request 
(note 5) 

HIGH (present) 
LOW (absent) 

A message shall be transmitted. 

No action. 


Notes 

1 . The PCX82C200 will enter sleep mode, if Goto Sleep is set HIGH (sleep), there is no bus activity and iTTf = HIGH 
(inactive). After sleep mode is set, the CLK OUT signal continues until at least 15 bit times have passed. The 
PCX82C200 will wake up when one of the three previously mentioned conditions is negated: after Goto Sleep is 
set LOW (wake up), there is bus activity or INT is driven LOW (active). On wake up, the oscillator is started and a 
Wake-Up Interrupt (see section 6.2.4) is generated. A PCX82C200 which is sleeping and then awakened by bus 
activity will not be able to receive this message until it detects a Bus-Free signal (see section 8.9.6). 

2. This command bit is used to acknowledge the Data Overrun condition signalled by the Data Overrun status bit. It 
may be given or set at the same time as a Release Receive Buffer command bit. 

3. After reading the contents of the Receive Buffer (RBFO or RBF1) the microcontroller must release this buffer by 
setting the Release Receive Buffer bit HIGH (released). This may result in another message becoming 
immediately available. 
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4. The Abort Transmission bit is used when the microcontroller requires the suspension of the previously requested 
transmission, for example to transmit an urgent message. A transmission already in progress is not stopped. In 
order to determine if the original message had been transmitted successfully, or aborted, the Transmission 
Complete status bit should be checked after the Transmit Buffer Access bit has been set HIGH (released) or a 
Transmit Interrupt has been generated (see section 6.2.4). 

5. If the Transmission Request bit was set HIGH In a previous command, it cannot be cancelled by setting the 
Transmission Request bit LOW (absent). Cancellation of the requested transmission may be performed by setting 
the Abort Transmission bit HIGH (present). 

6.2.3 Status Register (SR) 

The contents of the Status Register reflect the status of the PCX82C200 bus controller. The Status Register appears 

to the microcontroller as a read only memory. 


Table 5 Description of the Status Register bits 


SR 



ADDRESS 2 

BIT 

SYMBOL 

NAME 

VALUE 

FUNCTION 

SR.7 

BS 

Bus Status 
(note 1) 

HIGH (Bus-Off) 
LOW (Bus-On) 

The PCX82C200 is not involved in bus activities. 

The PCX82C200 is involved in bus activities. 

SR.6 

ES 

Error Status 

HIGH (error) 

LOW (ok) 

At least one of the Error Counters (see section 8.1 0.3) 
has reached the microcontroller Warning Limit. 

Both Error Counters have not reached the Warning 

Limit. 

SR.5 

TS 

Transmit Status 
(note 2) 

HIGH (transmit) 
LOW (idle) 

The PCX82C200 is transmitting a message. 

No message is transmitted. 

SR.4 

RS 

Receive Status 
(note 2) 

HIGH (receive) 
LOW (idle) 

The PCX82C200 is receiving a message. 

No message Is received. 

SR.3 

TCS 

Transmission 
Complete Status 
(note 3) 

HIGH (complete) 

LOW 

(incomplete) 

Last requested transmission has been successfully 
completed. 

Previously requested transmission is not yet completed. 

SR.2 

TBS 

Transmit Buffer 
Access 
(note 3) 

HIGH (released) 
LOW (locked) 

The microcontroller may write a message into the TBF. 

The microcontroller cannot access the Transmit Buffer. 

A message is either waiting for transmission or is in the 
process of being transmitted. 

SR.1 

DO 

Data Overrun 
(note 4) 

HIGH (overrun) 

LOW (absent) 

This bit is set HIGH (Overrun), when both Receive 
Buffers are full and the first byte of another message 
should be stored. 

No data overrun has occurred since the Clear Overrun 
command was given. 

SR.0 

RBS 

Receive Buffer 
Status 
(note 5) 

HIGH (full) 

LOW (empty) 

This bit is set when a new message is available. 

No message has become available since the last 

Release Receive Buffer command bit was set. 
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Notes 

1 . When the Bus Status bit is set HIGH (Bus-Off), the PCX82C200 will set the Reset Request bit HIGH (present). It 
will stay in this state until the microcontroller sets the Reset Request bit LOW (absent). Once this is completed the 
PCX82C200 will wait the minimum protocol-defined time (128 occurrences of the Bus-Free signal) before setting 
the Bus Status bit LOW (Bus-On), the Error Status bit LOW (ok) and resetting the Error Counters. 

2. If both the Receive Status and Transmit Status bits are LOW (idle) the CAN-bus is idle. 

3. If the microcontroller tries to write to the Transmit Buffer when the Transmit Buffer Access bit is LOW (locked), the 
written bytes will not be accepted and will be lost without this being signalled. The Transmission Complete Status 
bit is set LOW (incomplete) whenever the Transmission Request bit is set HIGH (present). If an Abort 
Transmission command is issued, the Transmit Buffer will be released. If the message, which was requested and 
then aborted, was not transmitted, the Transmission Complete Status bit will remain LOW. 

4. If Data Overrun s: HIGH (Overrun) is detected, the currently received message is dropped. A transmitted 
message, granted acceptance, is also stored In a Receive Buffer. This occurs because it is not known if the 
PCX82C200 will lose arbitration and so become a receiver of the message. If no Receive Buffer is available, Data 
Overrun is signalled. 

5. If the command bit Release Receive Buffer is set HIGH (released) by the microcontroller, the Receive Buffer 
Status bit is set LOW (empty) by IML. When a new message is stored in any of the receive buffers, the Receive 
Buffer Status bit is set HIGH (full) again. 
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6.2.4 Interrupt Register (IR) 

The Inte rrupt Register allows the identification of an interrupt source. When one or more bits of this register are set, 
the INT pin is activated. All bits are reset by the PCX82C200 after this register is read by the microcontroller. This 
register appears to the microcontroller as a read only memory. 


Table 6 Description of the Interrupt Register bits 


IR 

ADDRESS 3 

BIT 

SYMBOL 

NAME 

VALUE 

FUNCTION 

IR.7 

- 

- 

- 

Reserved. 

IR.6 

- 

- 

- 

Reserved. 

IR.5 

_ 

- 

- 

Reserved. 

IR.4 

WUI 

Wake-Up 

HIGH (set) 

The Wake-Up Interrupt bit is set HIGH, when the sleep 



Interrupt 

LOW (reset) 

mode is left (see section 6.2.2). 

Wake-Up Interrupt bit is reset by a read access of 
Interrupt Register by the microcontroller. 

IR.3 

OI 

Overrun Interrupt 

HIGH (set) 

This bit is set HIGH, if both Receive Buffers contain a 



(note 1) 


message and the first byte of another message should 
be stored (passed acceptance), and the Overrun 

Interrupt Enable is HIGH (enabled). 




LOW (reset) 

Overrun Interrupt bit is reset by a read access of 

Interrupt Register by the microcontroller. 

IR.2 

El 

Error Interrupt 

HIGH (set) 

This bit is set on a change of either the Error Status or 
Bus Status bits (see section 6.2.3) if the Error Interrupt 
Enable is HIGH (enabled). 




LOW (reset) 

The Error Interrupt bit is reset by a read access of the 
Interrupt Register by the microcontroller. 

IR.1 

Tl 

Transmit Interrupt 

HIGH (set) 

This bit is set on a change of the Transmit Buffer 

Access bit from LOW to HIGH (released) and Transmit 
Interrupt Enable is HIGH (enabled). 




LOW (reset) 

Transmit Interrupt bit will be reset after a read access 
of the Interrupt Register by the microcontroller. 

IR.O 

Rl 

Receive Interrupt 
(note 2) 

HIGH (set) 

This bit is set when a new message is available in the 
Receive Buffer and the Receive Interrupt Enable bit is 
HIGH (enabled). 




LOW (reset) 

Receive Interrupt bit is automatically reset by a read 
access of Interrupt Register by the microcontroller. 


Notes 

1 . Overrun Interrupt bit (if enabled) and Data Overrun bit (see section 6.2.3) are set at the same time. 

2. Receive Interrupt bit (if enabled) and Receive Buffer Status bit (see section 6.2.3) are set at the same time. 
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6.2.5 Acceptance Code Register (ACR) 

The Acceptance Code Register is part of the acceptance filter of the PCX82C200. This register can be accessed 
(read/write), if the Reset Request bit is set HIGH (present). When a message is received which passes the 
acceptance test and if there is an empty Receive Buffer, then the respective Descriptor and Data Field (see Fig.4) are 
sequentially stored in this empty buffer. In the case that there is no empty Receive Buffer, the Data Overrun bit Is set 
HIGH (overrun), see sections 6.2.3 and 6.2.4. When the complete message has been correctly received the following 
occurs: 

• the Receive Buffer Status bit is set HIGH (full) 

• if the Receive Interrupt Enable bit is set HIGH (enabled), the Receive Interrupt is set HIGH (set). 

The Acceptance Code bits (AC.7-AC.0) and the eight most significant bits of the message’s Identifier (ID.10-ID.3) must 
be equal to those bit positions which are marked relevant by the Acceptance Mask bits (AM.7-AM.0). If the following 
equation is satisfied, acceptance is given: 

[ ( /D.10 .. ID.3 ) = ( AC.7 .. AC.Q ) ] or {AM.7 .. AMO ) = 1111 1111 binary 

During transmission of a message which passes the acceptance test, the message is also written to its own Receive 
Buffer. If no Receiver Buffer is available. Data Overrun is signalled because it is not known at the start of a message 
whether the PCX82C200 will lose arbitration and so become a receiver of the message. 


Table 7 Acceptance Code Register bits 


ACR 

ADDRESS 4 


6 

5 

4 

3 

2 

1 

0 

AC.7 

AC.6 

AC.5 

AC.4 

AC.3 

AC.2 

AC.1 

AC.O 


6.2.6 Acceptance Mask Register (AMR) 

The Acceptance Mask Register is part of the acceptance filter of the PCX82C200. This register can be accessed 
(read/write) if the Reset Request bit is set HIGH (present). The Acceptance Mask Register qualifies which of the 
corresponding bits of the acceptance code are "relevant* or "don’t care" for acceptance filtering. 


Table 8 Acceptance Mask Register bits 


AMR 

ADDRESS 5 

7 

6 

5 

4 

3 

2 

1 

0 

AM.7 

AM.6 

AM.5 

AM.4 

AM.3 

AM.2 

AM.1 

AM.O 


Table 9 Description of the Acceptance Mask Register bits 


ACCEPTANCE MASK BIT 

VALUE 

COMMENTS 

AM.7 to AM.O 

HIGH (don’t care) 
LOW (relevant) 

This bit position is "don’t care* for the acceptance of a message. 
This bit position is "relevant" for acceptance filtering. 
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6.2.7 Bus Timing Register 0 (BTRO) 

The contents of Bus Timing Register 0 defines the values of Baud Rate Prescaler (BRP) and the Synchronization 
Jump Width (SJW). This register can be accessed (read/write) if the Reset Request bit is set HIGH (present). 

Table 10 Bus Timing Register 0 bits 


BTRO 

ADDRESS 6 

7 

6 

5 

4 

3 

2 

1 

0 

SJW.1 

SJW.O 

BRP.5 

BRP.4 

BRP3 

BRP.2 

BRP.1 

BRPO 


Baud Rate Prescaler (BRP) 

The period of the system clock tgcL is programmable and determines the individual bit timing. The system clock is 
calculated using the following equation: 

tscL = 2tcLK (32BRP.5 + 16BRP.4 -h 8BRP.3 + 4BRP.2 + 2BRP.1 + BRPO + 1) 
tcLK = time period of the PCX82C200 oscillator. 

Synchronization Jump Width (SJW) 

To compensate for phase shifts between clock oscillators of different bus controllers, any bus controller must 
resynchronize on any relevant signal edge of the current transmission. The synchronization jump width defines the 
maximum number of clock cycles a bit period may be shortened or lengthened by one resynchronization: 

tsjw = tscL(2SJW.1 +SJW.0 4-1) 

For further information on bus timing see sections 6.2.8 and 7. 

6.2.8 Bus Timing Register 1 (BTR1) 

The contents of Bus Timing Register 1 defines the length of the bit period, the location of the sample point and the 
number of samples to be taken at each sample point. This register may be accessed (read/write) if the Reset Request 
bit is set HIGH (present). 

Table 11 Bus Timing Register 1 bits 


BTR1 

ADDRESS 7 

7 

6 

5 

4 

3 

2 

1 

0 

SAM 

TSEG2.2 

TSEG2.1 

TSEG2.0 

TSEG1.3 

TSEG1.2 

TSEG1.1 

TSEG1.0 


Sampling (SAM) 

Table 12 Selection of sampling 


BIT 

VALUE 

COMMENTS 

SAM 

HIGH (3 samples) 

LOW (1 sample) 

Three samples are taken. 

The bus is sampled once. 


SAM = LOW (logic 0) is recommended for high speed buses (SAE class C), while SAM = HIGH (logic 1 ) is 
recommended for slow/medium speed buses (class A and B) where filtering of spikes on the bus-line is beneficial (see 
section 7.1.6). 
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Time Segment 1 (TSEG1) and Time Segment 2 (TSEG2) 

TSEG1 and TSEG2 determine the number of clock cycles per bit period and the location of the sample point; 

VsEGi = tscL (8TSEG1.3 + 4TSEG1.2 + 2TSEG1.1 + TSEG1.0 + 1) 

tTSEG2 = tscL (4TSEG2.2 + 2TSEG2.1 + TSEG2.0 + 1) 

For further information on bus timing see sections 6.2.7 and 7. 

6.2.9 Output Control Register (OCR) 

The Output Control Register allows, under software control, the set-up of different output driver configurations. This 
register may be accessed (read/write) if the Reset Request bit is set HIGH (present). 

Table 13 Output Control Register bits 



If the PCX82C200 is in the sleep mode (Goto Sleep = HIGH) a recessive level is output on the TXO and TX1 pins. If 
the PCX82C200 is in the reset state (Reset Request = HIGH) the output drivers are floating. 

Normal Output Mode 

In Normal Output Mode the bit sequence (TXD) is sent via TXO and TX1 . The voltage levels on the output driver pins 
TX1 and TXO depend on both the driver characteristic programmed by OCTPx, OCTNx (float, pull-up, pull-down, 
push-pull) and the output polarity programmed by OCPOLx (see Fig. 4). 



November 1992 


457 







Philips Semiconductors Microcontroller Products 


Product specification 


Stand-alone CAN-controller 


82C200 


Clock Output Mode 

For the TXO pin this is the same as in Normal Output Mode. However, the data stream to TX1 is replaced by the 
transmit clock (TXCLK). The rising edge of the transmit clock (non inverted) marks the beginning of a bit period. The 
clock pulse width is tscL- 

Bi-phase Output Mode 

In contrast to Normal Output Mode the bit representation is time variant and toggled. If the bus controllers are 
galvanically decoupled from the bus-line by a transformer, the bit stream is not allowed to contain a DC component. 
This is achieved by the following scheme. During recessive bits all outputs are deactivated (3-state). Dominant bits are 
sent alternatingly on TXO and TX1 , i.e. the first dominant bit is sent on TXO, the second is sent on TX1 , and the third 
one is sent on TXO again, etc. 

Test Output Mode 

For the TXO pin this is the same as in Normal Output Mode. To measure the delay time of the transmitter and receiver 
this mode connects the output of the input comparator (COMP OUT) with the input of the output driver TX1 . This mode 
is used for production testing only. 

The following two tables. Table 14 and Table 15, show the relationship between the bits of the Output Control Register 
and the two serial output pins TXO and TX1 of the PCX82C200, connected to the serial bus (see Fig.1). 


Table 14 Description of the Output Mode bits 


OCMODE1 

OCMODEO 

DESCRIPTION 

1 

0 

Normal Output Mode; TXO, TX1 : bit sequence (TXD; note 1 ). 

1 

1 

Clock Output Mode; TXO; bit sequence, TX1 : bus clock (TXCLK). 

0 

0 

Bi-phase Output Mode. 

0 

1 

Test Output Mode; TXO: bit sequence, TX1 : COMP OUT. 


Note 

1 . TXD is the data bit to be transmitted. 
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Table 15 Output pin set-up 


DRIVE 

OCTPx 

OCTNx 

OCPOLx 

TXD 

TPx 
(note 1 ) 

TNx 
(note 2) 

TXx 
(note 3) 

Float 

0 

0 

0 

0 

OFF 

OFF 

float 


0 

0 

0 

1 

OFF 

OFF 

float 


0 

0 

1 

0 

OFF 

OFF 

float 


0 

0 

1 

1 

OFF 

OFF 

float 

Pull-down 

0 

1 

0 

0 

OFF 

ON 

LOW 


0 

1 

0 

1 

OFF 

OFF 

float 


0 

1 

1 

0 

OFF 

OFF 

float 


0 

1 

1 

1 

OFF 

ON 

LOW 

Pull-up 

1 

0 

0 

0 

OFF 

OFF 

float 


1 

0 

0 

1 

ON 

OFF 

HIGH 


1 

0 

1 

0 

ON 

OFF 

HIGH 


1 

0 

1 

1 

OFF 

OFF 

float 

Push/Pull 

1 

1 

0 

0 

OFF 

ON 

LOW 


1 

1 

0 

1 

ON 

OFF 

HIGH 


1 

1 

1 

0 

ON 

OFF 

HIGH 



1 

1 

1 

OFF 

ON 

LOW 


Notes 

1 . TPx is the on-chip output transistor x, connected to Vdd; x = 0 or 1 . 

2. TNx is the on-chip output transistor x, connected to Vgs: x = 0 or 1 . 

3. TXx is the serial output level on pin TXO or TX1 . It is required that the output level on the CAN-bus is dominant 
with TXD = 0 and recessive with TXD = 1 (see section 8.1 .1). 

6.2.10 Test Register (TR) 

The Test Register is used for production testing only. 
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6.3 Transmit Buffer layout 

The global layout of the Transmit Buffer is shown in Fig. 3. This buffer serves to store a message from the 
microcontroller to be transmitted by the PCX82C200. It is subdivided into Descriptor and Data Field. The Transmit 
Buffer can be written to and read from by the microcontroller (see note 3 to Table 2). 

6.3.1 Descriptor 

Table 16 Descriptor Byte 1 (DSCR1) 


DSCR1 

ADDRESS 10 

7 

6 

5 

4 

3 

2 

1 

0 

ID.10 

ID.9 

ID.8 

ID.7 

ID.6 

ID.5 

ID.4 

ID.3 


Table 17 Descriptor Byte 2 (DSCR2) 


DSCR2 

ADDRESS 11 

7 

6 

5 

4 

3 

2 

1 

0 

ID.2 

ID.1 

ID.O 

RTR 

DLC.3 

DLC.2 

DLC.1 

DLC.O 


Identifier (ID) 

The Identifier consists of 11 bits (ID.10 to ID.O). ID.10 is the most significant bit, which is transmitted first on the bus 
during the arbitration process. The Identifier acts as the message’s name, used in a receiver for acceptance filtering 
and also determines the bus access priority during the arbitration process. The lower the binary value of the Identifier 
the higher the priority. This is due to the larger number of leading dominant bits during arbitration (see section 8.7 “Bus 
organization"). 

Remote Transmission Request bit (RTR) 


Table 18 Description of the RTR bit 


BIT 

VALUE 

COMMENTS 

RTR 

HIGH (remote) 

LOW (data) 

Remote Frame will be transmitted by the PCX82C200. 

Data Frame will be transmitted by the PCX82C200. 


Data Length Code (DLC) 

The number of bytes (Data Byte Count) in the Data Field of a message is coded by the Data Length Code. At the start 
of a Remote Frame transmission the Data Length Code is not considered due to the RTR bit being HIGH (remote). 
This forces the number of transmitted/received data bytes to be 0. Nevertheless, the Data Length Code must be 
specified correctly to avoid bus errors, if two CAN-controllers start a Remote Frame transmission simultaneously. 

The range of the Data Byte Count is 0 to 8 bytes and coded as follows: 

Data Byte Count = 8DLC.3 + 4DLC.2 -i- 2DLC.1 -i- DLC.O 

For reasons of compatibility no Data Byte Counts other than 0 to 8 should be used. 

6.3.2 Data Field 

The number of transferred data bytes is determined by the Data Length Code. The first bit transmitted is the most 
significant bit of data byte 1 at address 12. 
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6.4 Receive Buffer layout 

The layout of the Receive Buffer and the individual bytes correspond to the definitions given for the Transmit Buffer 
layout, except that the addresses start at 20 instead of 10 (see Fig.3). 

6.5 Clock Divider Register (CDR) 

The Clock Divider Register controls the CLK OUT frequency for the microcontroller (see Fig.1). It can be written to or 
read by the microcontroller. The default state of the register is divide by 12 for Motorola mode and divide by 2 for Intel 
mode. Values from 0 to 7 may be written into this register and will result in the CLK OUT frequencies shown in Table 
20 . 


Table 19 Clock Divider Register bits 


CDR 

ADDRESS 31 

7 

6 

5 

4 

3 

2 

1 

0 

- 

- 

- 

- 

- 

CD.2 

CD.1 

CD.O 


Note 

Bits CDR.7 to CDR.3 are reserved. 


Table 20 CLK OUT frequency selection 


ca2 

CD.1 

CD.O 

CLK OUT FREQUENCY 

0 

0 

0 

fcLK/2 

0 

0 

1 


1 

1 

0 

CD 

0 

1 

1 

CO 

1 

0 

0 


1 

0 

1 

W12 

1 

1 

0 

W14 

1 

1 

1 

^CLK 


Note 

1 . fcLK is the frequency of the oscillator. 
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7 BUS TIMINC3/SYNCHRONIZATION 

The Bus Timing Logic (BTL) monitors the serial bus-line 
via the on-chip input comparator and performs the 
following functions (see section 5); 

• monitors the serial bus-line level 

• adjusts the sample point, within a bit period 
(programmable) 

• samples the bus-line level using majority logic 
(programmable, 1 or 3 samples) 

• synchronization to the bit stream: 

- hard synchronization at the start of a message 

- resynchronization during transfer of a message. 

The configuration of the BTL is performed during the 
initialization of the PCX82C200. The BTL uses the 
following three registers: 

• Control register (Sync) 

• Bus Timing Register 0 

• Bus Timing Register 1. 

7.1 Bit timing 

A bit period is built up from a number of system clock 
cycles (tscJ. see section 6.2.7. One bit period is the 
result of the addition of the programmable segments 
TSEG1 and TSEG2 and the general segment SYNCSEG 
(see sections 6.2.7 to 6.2.8). 

7.1.1 Synchronization Segment (SYNCSEG) 

The incoming edge of a bit is expected during this state; 
this state corresponds to one system clock cycle (1 x 
Wl)- 

7.1.2 Time Segment 1 (TSEG1) 

This segment determines the location of the sampling 
point within a bit period, which is at the end of TSEG1 . 
TSEG1 is programmable from 1 to 16 system clock 
cycles (see section 6.2.8). 

The correct location of the sample point is essential for 
the correct functioning of a transmission. The following 
points must be taken into consideration: 


• a Start-Of-Frame (see section 8.2.1) causes all 
PCX82C200’s to perform a ’hard synchronization’ 

(see section 7.2.1) on the first recessive-to-dominant 
edge. During arbitration, however, several 
PCX82C200’s may simultaneously transmit. 

Therefore it may require twice the sum of bus-line, 
input comparator and the output driver delay times 
until the bus is stable. This is the propagation delay 
time. 

• to avoid sampling at an incorrect position, it is 
necessary to include an additional synchronization 
buffer on both sides of the sample point. The main 
reasons for incorrect sampling are: 

- incorrect synchronization due to spikes on the 
bus-line 

- slight variations in the oscillator frequency of each 
PCX82C200 in the network, which results in a 
phase error. 

Time Segment 1 consists of the segment for 
compensation of propagation delays and the 
synchronization buffer directly before the sample point 
(see Fig. 5). 

7.1.3 Time Segment 2 (TSEG2) 

This time segment provides: 

• additional time at the sample point for calculation of 
the subsequent bit levels (e.g. arbitration) 

• synchronization buffer segment directly after the 
sample point (see section 7.1 .2). 

TSEG2 is programmable from 1 to 8 system clock cycles 
(see section 6.2.8). 
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7.1.4 Synchronization Jump Width (SJW) 

SJW defines the maximum number of clock cycles Hscl) 
a bit period may be reduced or increased by one 
resynchronization. SJW is programmable from 1 to 4 
system clock cycles (see section 6.2.7). 

7.1.5 Propagation delay time 

The propagation delay time (tp^p) is calculated by 
summing the maximum propagation delay times of the 
physical bus, the input comparator and the output driver. 
The resulting sum is multiplied by 2 and then rounded up 
to the nearest multiple of tgcL- 

tprop = 2 X (physical bus delay + input comparator delay + 
output driver delay) 

7.1.6 Bit timing restrictions 

Restrictions on the configuration of the bit timing are 
based on internal processing. The restrictions are; 

• tTSEG2 - 2tsCL 

• ^TSEGZ - ^SJW 

• ^TSEGI - ^TSEGa 

• ^TSEGI - ^SJW + fprop 

The three sample mode (SAM = 1 ) has the effect of 
introducing a delay of one system clock cycle on the 
bus-line. This must be taken into account for the correct 
calculation of TSEG1 and TSEG2: 

• ^TSEGI - ^SJW ^rop + ^tsCL 

• fySEGa - 3tscL 

7.2 Synchronization 

Synchronization is performed by a state machine which 
compares the incoming edge with its actual bit timing 
and adapts the bit timing by hard synchronization or 
resynchronization. 

7.2.1 Hard SYNCHRONIZATION 

This type of synchronization occurs only at the beginning 
of a message. The PCX82C200 synchronizes on the first 
incoming recessive-to-dominant edge of a message 
(being the leading edge of a message’s Start-Of- Frame 
bit; see section 7.1). 


7.2.2 Resynchronization 

Resynchronization occurs during the transmission of a 
message’s bit stream to compensate for: 

• variations in individual PCX82C200 oscillator 
frequencies 

• changes introduced by switching from one transmitter 
to another (e.g. during arbitration). 

As a result of resynchronization either tysEGi be 
increased by up to a maximum of tgjw or tjsEG 2 *^37 be 
decreased by up to a maximum of tsjw^ 

• flSEG! - tscL((TSEG1 + 1) + (SJW + 1)) 

• flSEGa >tscL((TSEG2 + 1) - (SJW+1)) 

Note: TSEG1, TSEG2 and SJW are the programmed 
numerical values. 

The phase error (e) of an edge is given by the position of 
the edge relative to SYNCSEG, measured in system 
clock cycles {tscd- The value of the phase error is 
defined as: 

• e = 0, if the edge occurs within SYNCSEG 

• e > 0, if the edge occurs within TSEG1 

• e < 0, if the edge occurs within TSEG2. 

The effect of resynchronization is: 

• the same as that of a hard synchronization, if the 
magnitude of the phase error (e) is less or equal to 
the programmed value of tgjw (see section 6.2.7) 

• to increase a bit period by the amount of tgjw, if the 
phase error is positive and the magnitude of the 
phase error is larger than tsjw 

• to decrease a bit period by the amount of tgjw- if the 
phase error is negative and the magnitude of the 
phase error is larger than tsjw 

7.2.3 Synchronization Rules 

The synchronization rules are as follows: 

• only one synchronization within one bit time is used 

• an edge is used for synchronization only if the value 
detected at the previous sample point differs from the 
bus value immediately after the edge 

• hard synchronization is performed whenever there is 
a recessive-to-dominant edge during Bus-Idle (see 
section 7) 
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• ail Other edges (recessive-to-dominant and optionally 
dominant-to-recessive edges if the Sync bit is set 
HIGH; see section 6.2.1) which are candidates for 
resynchronization will be used with the following 
exception; 

- a transmitting PCX82C200 will not perform a 
resynchronization as a result of a 
recessive-tO'dominant edge with positive phase 
error, if only these edges are used for 
resynchronization. This ensures that the delay 
times of the output driver and input comparator do 
not cause a permanent increase in the bit time. 

8 COMMUNICATION PROTOCOL 

8.1 Frame types 

The PCX82C200 bus controller supports the four 

different CAN-protocol frame types for communication: 

• Data Frame, to transfer data 

• Remote Frame, request for data 

• Error Frame, globally signal a (locally) detected error 
condition 

• Overload Frame, to extend delay time of subsequent 
frames (an Overload Frame is not initiated by the 
PCX82C200). 


8.1.1 Bit representation 

There are two logicai bit representations used in the 
CAN-protocol; 

• a recessive bit on the bus-line appears only if all 
connected PCX82C200’s send a recessive bit at that 
moment 

• dominant bits always overwrite recessive bits i.e. the 
resulting bit level on the bus-line is dominant. 

8.2 Data Frame 

A Data Frame carries data from a transmitting 
PCX82C200 to one or more receiving PCX82C200’s. A 
Data Frame is composed of seven different bit-fields; 

• Start-Of-Frame 

• Arbitration Field 

• Control Field 

• Data Field (may have a length of zero) 

• CRC Field 

• Acknowledge Field 

• End-Of- Frame. 
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Fig.6 Data Frame. 
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8.2.1 Start-Of-Frame bit 

Signals the start of a Data Frame or Remote Frame. It 
consists of a single dominant bit used for hard 
synchronization of a PCX82C200 in receive mode. 

8.2.2 Arbitration Field 

Consists of the message Identifier and the RTR bit (see 
section 6.3.1). In the event of simultaneous message 
transmissions by two or more PCX82C200’s the bus 
access conflict is solved by bit-wise arbitration, which is 
active during the transmission of the Arbitration Field. 

Identifier 

This 11 -bit field is used to provide information about the 
message, as well as the bus access priority. It is 
transmitted in the order ID. 10 to ID.O (LSB). The situation 
that the seven most significant bits (ID.1 0 to ID.4) are all 
recessive must not occur. 

An Identifier does not define which particular 
PCX82C200 will receive the frame, because a CAN 
based communication network does not discriminate 
between a point-to-point, multicast or broadcast 
communication. 

Remote Transmission Request bit (RTR) 

A PCX82C200, acting as a receiver for certain 
information may initiate the transmission of the 
respective data by transmitting a Remote Frame to the 
network, addressing the data source via the Identifier 
and setting the RTR bit HIGH (remote; recessive bus 
level). If the data source simultaneously transmits a Data 
Frame containing the requested data, it uses the same 
Identifier. No bus access conflict occurs due to the RTR 
bit being set LOW (data; dominant bus level) in the Data 
Frame. 

8.2.3 Control Field 

This field consists of six bits. It includes two reserved bits 
(for future expansions of the CAN-protocol), transmitted 
with a dominant bus level, and is followed by the Data 
Length Code (4 bits). The number of bytes in the 
(destuffed; number of data bytes to be 
transmitted/received) Data Field is indicated by the Data 
Length Code. Admissible values of the Data Length 
Code and hence the number of bytes in the (destuffed) 
Data Field, are 0 to 8. A logic 0 (logic 1) in the Data 
Length Code is transmitted as a dominant (recessive) 
bus level, respectively. 


8.2.4 Data Field 

The data, stored within the Data Field of the Transmit 
Buffer, are transmitted according to the Data Length 
Code. Conversely, data of a received Data Frame will be 
stored in the Data Field of a Receive Buffer. Data is 
stored byte-wise both for transmission by the 
microcontroller and on reception by the PCX82C200. 

The most significant bit of the first data byte (lowest 
address) is transmitted/received first. 

8.2.5 Cyclic Redundancy Code Field (CRC) 

The CRC Field consists of the CRC Sequence (15 bits) 
and the CRC Deiimiter (1 recessive bit). The Cyclic 
Redundancy Code (CRC) encloses the destuffed bit 
stream of the Start-Of-Frame, Arbitration Field, Control 
Field, Data Field and CRC Sequence. The most 
significant bit of the CRC Sequence is 
transmitted/received first. This frame check sequence, 
implemented in the PCX82C200, is derived from a cyclic 
redundancy code best suited for frames with a total bit 
count of less than 127 bits, see section 8.8.3 With 
Start-Of-Frame (dominant bit) included in the code word, 
any rotation of the code word can be detected by the 
absence of the CRC Delimiter (recessive bit). 

8.2.6 Acknowledge Field (ACK) 

The Acknowledge Field consists of two bits, the 
Acknowledge Slot and the Acknowledge Delimiter, which 
are transmitted with a recessive level by the transmitter 
of the Data Frame. All PCX82C200’s having received the 
matching CRC Sequence, report this by overwriting the 
transmitter’s recessive bit in the Acknowledge Slot with a 
dominant bit (see section 8.9.2). Thereby a transmitter, 
still monitoring the bus level recognizes that at least one 
receiver within the network has received a complete and 
correct message (i.e. no error was found). The 
Acknowledge Delimiter (recessive bit) is the second bit of 
the Acknowledge Field. As a result, the Acknowledge 
Slot is surrounded by two recessive bits; the CRC 
Delimiter and the Acknowledge Delimiter. 

All nodes within a CAN network may use all the 
information coming to the network by the PCX82C200’s 
(shared memory concept). Therefore, acknowledgement 
and error handling are defined to provide all information 
in a consistent way throughout this shared memory. 
Hence, there is no reason to discriminate different 
receivers of a message in the acknowledge field. If a 
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node is disconnected from the network due to bus 
failure, this particular node is no longer part of the shared 
memory. To identify a ’lost node’ additional and 
application specific precautions are required. 

8.2.7 End-Of-Frame 

Each Data Frame or Remote Frame is delimited by the 
End-Of-Frame bit sequence which consists of seven 
recessive bits (exceeds the bit stuff width by two bits). 
Using this method a receiver detects the end of a frame 
independent of a previous transmission error because 
the receiver expects all bits up to the end of the CRC 
sequence to be coded by the method of bit-stuffing (see 
section 8.7.3). The bit-stuffing logic is deactivated during 
the End-Of-Frame sequence. 

8.3 Remote Frame 

A PCX82C200, acting as a receiver for certain 
information may initiate the transmission of the 
respective data by transmitting a Remote Frame to the 
network, addressing the data source via the Identifier 
and setting the RTR bit HIGH (remote; recessive bus 
level). The Remote Frame is similar to the Data Frame 
with the following exceptions; 

• RTR bit is set HIGH 

• Data Length Code is ignored 

• no Data Field contained. 

Note that the Data Length Code value should be the 
same as for the corresponding Data Frame (although 
this is ignored for a Remote Frame). 

A Remote Frame is composed of six different bit fields: 

• Start-Of-Frame 

• Arbitration Field 

• Control Field 

• CRC-Field 

• Acknowledge Field 

• End-Of-Frame. 

See section 8.2 for a more detailed explanation of the 
Remote Frame bit fields. 

8.4 Error Frame 

The Error Frame consists of two different fields. The first 
field is accomplished by the superimposing of Error 
Flags contributed from different PCX82C200s. The 
second field is the Error Delimiter (see Fig.7). 


8.4.1 Error Flag 

There are two forms of an Error Flag: 

• Active Error Flag, consists of six consecutive 
dominant bits 

• Passive Error Flag, consists of six consecutive 
recessive bits unless it is overwritten by dominant bits 
from other PCX82C200’s. 

An error-active PCX82C200 (see section 8.9) detecting 
an error condition signals this by transmission of an 
Active Error Flag. This Error Flag’s form violates the 
bit-stuffing law (see section 8.7.3) applied to all fields, 
from Start-Of-Frame to CRC Delimiter, or destroys the 
fixed form of the fields Acknowledge Field or 
End-Of-Frame (see Fig.6). Consequently, all other 
PCX82C200’s detect an error condition and start 
transmission of an Error Flag. Therefore the sequence of 
dominant bits, which can be monitored on the bus, 
results from a superposition of different Error Flags 
transmitted by individual PCX82C200’s. The total length 
of this sequence varies between six (minimum) and 
twelve (maximum) bits. 

An error-passive PCX82C200 (see section 8.9) detecting 
an error condition tries to signal this by transmission of a 
Passive Error Flag. The error-passive PCX82C200 waits 
for six consecutive bits with identical polarity, beginning 
at the start of the Passive Error Flag. The Passive Error 
Flag is complete when these six identical bits have been 
detected. 

8.4.2 Error Delimiter 

The Error Delimiter consists of eight recessive bits and 
has the same format as the Overload Delimiter. After 
transmission of an Error Flag, each PCX82C200 
monitors the bus-line until it detects a transition from a 
dominant-to-recessive bit level. At this point in time, 
every PCX82C200 has finished sending its Error Flag 
and all PCX82C200’s start transmission of seven 
recessive bits (plus the recessive bit at 
dominant-to-recessive transition, results in a total of eight 
recessive bits). After this event and an Intermission Field 
all error-active PCX82C200’s within the network can start 
a transmission simultaneously. 

If a detected error is signalled during transmission of a 
Data Frame or Remote Frame, the current message is 
spoiled and a retransmission of the message is initiated. 
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Fig. 7 Error Frame. 



If a PCX82C200 monitors any deviation of the Error 
Frame, a new Error Frame will be transmitted. Several 
consecutive Error Frame’s may result in the PCX82C200 
becoming error-passive and leaving the network 
unblocked. 

In order to terminate an Error Flag correctly, an 
error-passive CAN-bus controller requires the bus to be 
Bus-Idle (see section 8.6.2) for at least three bit periods 
(if there is a local error at an error-passive receiver). 
Therefore a CAN-bus should not be 1 00% permanently 
loaded - 

8.5 Overload Frame 

The Overload Frame consists of two fields, the Overload 
Flag and the Overload Delimiter. There are two 
conditions in the CAN-protocol which lead to the 
transmission of an Overload Flag: 

• condition 1 ; receiver circuitry requires more time to 
process the current data before receiving the next 
frame (receiver not ready) 

• condition 2; detection of a dominant bit during 
Intermission Field (see section 8.6.1). 

The transmission of an Overload Frame may only start: 

• condition 1 ; during the first bit period of an expected 
Intermission Field 


• condition 2; one bit period after detecting the 
dominant bit during Intermission Field. 

The PCX82C200 will never initiate transmission of a 
condition 1 Overload Frame and will only react on a 
transmitted condition 2 Overload Frame, according to the 
CAN-protocol. No more than two Overload Frames are 
generated to delay a Data Frame or a Remote Frame. 
Although the overall form of the Overload Frame 
corresponds to that of the Error Frame, an Overload 
Frame does not initiate or require the retransmission of 
the preceding frame. 

8.5.1 Overload Flag 

The Overload Flag consists of six dominant bits and has 
a similar format to the Error Flag. 

The Overload Flag’s form corrupts the fixed form of the 
Intermission Field. All other PCX82C200’s detecting the 
overload condition also transmit an Overload Flag 
(condition 2). 

8.5.2 Overload Delimiter 

The Overload Delimiter consists of eight recessive bits 
and takes the same form as the Error Delimiter. After 
transmission of an Overload Flag, each PCX82C200 
monitors the bus-line until it detects a transition from a 
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dominant-to>recessive bit level. At this point in time, 
every PCX82C200 has finished sending its Overload 
Flag and all PCX82C200’s start simultaneously 
transmitting seven more recessive bits. 

8.6 inter-Frame Space 

Data Frames and Remote Frames are separated from 
preceding frames (all types) by an Inter-Frame Space, 
consisting of an Intermission Field and a Bus-Idle. 
Error-passive PCX82C200’s also send a Suspend 
Transmission (see section 8.9.5) after transmission of a 
message. Overload Frames and Error Frames are not 
preceded by an Inter-Frame Space. 

8.6.1 Intermission Field 

The Intermission Field consists of three recessive bits. 
During an Intermission period, no frame transmissions 
will be started by any PCX82C200. An Intermission is 
required to have a fixed time period to allow a 
CAN-controller to execute internal processes prior to the 
next receive or transmit task. 

8.6.2 Bus-Idle 

The Bus-Idle time may be of arbitrary length (minimum 0 
bit). The bus is recognized to be free and a 
CAN-controller having information to transmit may 
access the bus. The detection of a dominant bit level 
during Bus-Idle on the bus is interpreted as the 
Start-Of-Frame. 

8.7 Bus organization 

Bus organization is based on five basic rules described 
in the following paragraphs. 

8.7.1 Bus ACCESS 

PCX82C200’s only start transmission during the Bus-Idle 
state. All PCX82C200’s synchronize on the leading edge 
of the Start-Of-Frame (hard synchronization). 

8.7.2 Arbitration 

If two or more PCX82C200’s simultaneously start 
transmitting, the bus access conflict is solved by a 
bit-wise arbitration process during transmission of the 
Arbitration Field. 

During arbitration every transmitting PCX82C200 
compares its transmitted bit level with the monitored bus 
level. Any PCX82C200 which transmits a recessive bit 
and monitors a dominant bus level immediately becomes 


the receiver of the higher priority message on the bus 
without corrupting any information on the bus. Each 
message contains an unique Identifier and a RTR bit 
describing the type of data within the message. 

The Identifier together with the RTR bit implicitly define 
the message’s bus access priority. During arbitration the 
most significant bit of the Identifier is transmitted first and 
the RTR bit last. The message with the lowest binary 
value of the Identifier and RTR bit has the highest 
priority. A Data Frame has higher priority than a Remote 
Frame due to its RTR bit having a dominant level. 

For every Data Frame there is an unique transmitter. For 
reasons of compatibility with other CAN-bus controllers, 
use of the Identifier binary bit pattern ID = 1111111XXXX 
(X being bits of arbitrary level) is forbidden. The number 
of available different Identifiers is 2032 (2^^ - 2^). 

8.7.3 Coding/decoding 

The following bitfields are coded using the bit-stuffing 
technique: 

• Start-Of-Frame 

• Arbitration Field 

• Control Field 

• Data Field 

• CRC Sequence. 

When a transmitting PCX82C200 detects five 
consecutive bits of identical polarity to be transmitted, a 
complementary (stuff) bit is inserted into the transmitted 
bit-stream. 

When a receiving PCX82C200 has monitored five 
consecutive bits with identical polarity in the received bit 
streams of the above described bit fields, it automatically 
deletes the next received (stuff) bit. The level of the 
deleted stuff bit has to be the complement of the 
previous bits; otherwise a Stuff Error will be detected and 
signalled (see section 8.8.2). 

The remaining bit fields or frames are of fixed form and 
are not coded or decoded by the method of bit-stuffing. 

The bit-stream in a message is coded according to the 
Non-Return-to-Zero (NRZ) method, i.e. during a bit 
period, the bit level is held constant, either recessive or 
dominant. 


November 1992 


469 




Philips Semiconductors Microcontroller Products 


Product specification 


Stand-alone CAN-controller 


82C200 


8.7.4 Error signalung 

A PCX82C200 which detects an error condition, 
transmits an Error Flag. Whenever a Bit Error, Stuff 
Error, Form Error or an Acknowledgement Error is 
detected, transmission of an Error Flag is started at the 
next bit. Whenever a CRC Error is detected, 
transmission of an Error Flag starts at the bit following 
the Acknowledge Delimiter, unless an Error Flag for 
another error condition has already started. An Error Flag 
violates the bit-stuffing law or corrupts the fixed form bit 
fields. A violation of the bit-stuffing law affects any 
PCX82C200 which detects the error condition. These 
devices will also transmit an Error Flag. 

An error-passive PCX82C200 (see section 8.9) which 
detects an error condition, transmits a Passive Error 
Flag. A Passive Error Flag is not able to interrupt a 
current message at different PCX82C200’s, but this type 
of Error Flag may be cancelled by other PCX82C200’s. 
After having detected an error condition, an error-passive 
PCX82C200 will wait for six consecutive bits with 
identical polarity and when monitoring them, interpret 
them as an Error Flag. 

After transmission of an Error Flag, each PCX82C200 
monitors the bus-line until it detects a transition from a 
dominant-to-recessive bit level. At this point in time, 
every PCX82C200 has finished transmitting its Error 
Flag and all PCX82C200’s start transmitting seven 
additional recessive bits (Error Delimiter, see section 
8.4.2). 

The message format of a Data Frame or Remote Frame 
is defined in such a way, that all detectable errors can be 
signalled within the message transmission time and 
therefore, it is very simple for a PCX82C200 to associate 
an Error Frame to the corresponding message and to 
initiate retransmission of the corrupted message. 

If a PCX82C200 monitors any deviation of the fixed form 
of an Error Frame, it transmits a new Error Frame. 

8.7.5 Overload signalung 

Some CAN-controllers (but not the PCX82C200) require 
to delay the transmission of the next Data Frame or 
Remote Frame by transmitting one or more Overload 
Frames. The transmission of an Overload Frame must 
start during the first bit of an expected intermission. 
Transmission of Overload Frames which are reactions on 
a dominant bit during an expected Intermission Field, 
start one bit after this event. 


Though the format of Overload Frame and Error Frame 
are identical, they are treated differently. Transmission of 
an Overload Frame during Intermission Field does not 
initiate the retransmission of any previous Data Frame or 
Remote Frame. 

If a CAN-controller which transmitted an Overload Frame 
monitors any deviation of its fixed form, it transmits an 
Error Frame. 

8.8 Error detection 

The processes described in the following paragraphs are 
implemented in the PCX82C200 for error detection. 

8.8.1 Bit Error 

A transmitting PCX82C200 monitors the bus on a 
bit-by-bit basis. If the bit level monitored is different from 
the transmitted one, a Bit Error is signalled. The 
exceptions being: 

• during the Arbitration Field, a recessive bit can be 
overwritten by a dominant bit. In this case, the 
PCX82C200 interprets this as a loss of arbitration 

• during the Acknowledge Slot, only the receiving 
PCX82C200’s are able to recognize a Bit Error. 

8.8.2 Stuff Error 

The following bit fields are coded using the bit-stuffing 
technique: 

• Start-Of- Frame 

• Arbitration Field 

• Control Field 

• Data Field 

• CRC Sequence. 

There are two possible ways of generating a Stuff Error: 

• the disturbance generates more than the allowed five 
consecutive bits with identical polarity. These errors 
are detected by all PCX82C200’s 

• a disturbance falsifies one or more of the five bits 
preceding the stuff bit. This error situation is not 
recognized as a Stuff Error by the receivers. 

Therefore, other error detection processes may detect 
this error condition such as: CRC check, format 
violation at the receiving PCX82C200’s or Bit Error 
detection by the transmitting PCX82C200. 
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8.8.3 CRC Error 

To ensure the validity of a transmitted message all 
receivers perform a CRC check. Therefore, in addition to 
the (destuffed) information digits (Start-Of-Frame up to 
Data Field), every message includes some control digits 
(CRC Sequence: generated by the transmitting 
PCX82C200 of the respective message) used for error 
detection. 

The code used for the PCX82C200 bus controller is a 
(shortened) BCH code, extended by a parity check and 
has the following attributes: 

• 127 bits as maximum length of the code 

• 112 bits as maximum number of information digits 
(maximum 83 bits are used by PCX82C200) 

• length of the CRC Sequence amounts to 15 bits 

• Hamming distance d = 6. 

As a result, (d-1) random errors are detectable (some 
exceptions exist). 

The CRC Sequence is calculated by the following 
procedure: 

1 . the destuffed bit stream consisting of Start-Of-Frame 
up to the Data Field (if present) is interpreted as a 
polynomial with coefficients of 0 or 1 

2. this polynomial is divided (modulo-2) by the following 
generator polynomial: 

f(X) = (X’-* X" + X8 + X® -h X® X'^ + X2 + X -h 1) (X + 1 ) 

= 1100010110011001 binary. 

The remainder of this polynomial division is the CRC 
Sequence which includes a parity check. Burst errors are 
detected up to a length of 15 [degree of f(X)]. Multiple 
errors (number of disturbed bits at least d = 6) are not 
detected with a residual error probability of 2"’^ (= 3 x 
1 0'®) by CRC check only. 

8.8.4 Form Error 

Form Errors result from violation of the fixed form of the 
following bit fields: 

• End-Of-Frame 

• Intermission 

• Acknowledge Delimiter 

• CRC Delimiter. 

During the transmission of these bit fields an error 
condition is recognized if a dominant bit level instead of a 
recessive one is detected. 


8.8.5 Acknowledgement Error 

This is detected by a transmitter whenever it does not 
monitor a dominant bit during the Acknowledge Slot. 

8.8.6 Error detection by an Error Flag of another 
PCX82C200 

The detection of an error is signalled by transmitting an 
Error Flag. An Active Error Flag causes a Stuff Error, a 
Bit Error or a Form Error at all other PCX82C200’s. 

8.8.7 Error detection capabiuties 

Errors which occur at all PCX82C200’s (global errors) 
are 100% detected. For local errors, i.e. for errors 
occurring at some PCX82C200’s only, the shortened 
BCH code, extended by a parity check, has the following 
error detection capabilities: 

• up to five single bit errors are 1 00% detected, even if 
they are distributed randomly within the code 

• all single bit errors are detected if their total number 
(within the code) is odd 

• the residual error probability of the CRC check 
amounts to 3 x 1 0“®. As an error may be detected not 
only by CRC check but also by other detection 
processes described in sections 8.8.1 to 8.8.5, the 
residual error probability is several magnitudes less 
than 3x10“^ for undetected errors. 

8.9 Error confinement (definitions) 

8.9.1 Bus-Off 

A PCX82C200 which has too many unsuccessful 
transmissions, relative to the number of successful 
transmissions, wili enter the Bus-Off state. It remains in 
this state, neither receiving nor transmitting messages 
until the Reset Request bit is set LOW (absent) and both 
Error Counters are set to ’0’ (see note 1 to Table 5 and 
section 8.1 0.3). 

8.9.2 Acknowledge (ACK) 

A PCX82C200 which has received a valid message 
correctly, indicates this to the transmitter by transmitting 
a dominant bit level on the bus during the Acknowledge 
Slot, independent of accepting or rejecting the message. 
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8.9.3 Error-Active 

An error-active PCX82C200 is in its normal operating 
state able to receive and to transmit normally and also to 
transmit an active Error Flag (see section 8.10.3). 

8.9.4 Error-Passive 

An error-passive PCX82C200 may transmit or receive 
messages normally. In the case of a detected error 
condition it transmits a Passive Error Flag, instead of an 
Active Error Flag. Hence the influence on bus activities 
by an error-passive PCX82C200 (e.g. due to a 
malfunction) is reduced. 

8.9.5 Suspend Transmission 

After an error-passive PCX82C200 has transmitted a 
message, it sends eight recessive bits after the 
Intermission Field and then checks for Bus-Idle. If during 
Suspend Transmission another PCX82C200 starts 
transmitting a message the suspended PCX82C200 will 
become the receiver of this message; otherwise being in 
Bus-Idle it may start to transmit a further message. 

8.9.6 Start-up 

A PCX82C200 which was either switched off or is in the 
Bus-Off state, must run a start-up routine in order to: 

• synchronize with other available PCX82C200’s, 
before starting to transmit. Synchronizing is achieved, 
when 11 recessive bits, equivalent to Acknowledge 
Delimiter, End-Of-Frame and Intermission Field, have 
been detected (Bus-Free) 

• wait for other PCX82C200s without passing into the 
Bus-Off state (due to a missing acknowledge), if there 
is no other PCX82C200 currently available. 

8.10 Aims of error confinement 

8.10.1 Distinction of short and long-lasting 

DISTURBANCES 

The microcontroller must be informed when there are 
long-lasting disturbances and when bus activities have 
returned to normal operation. During long-lasting 
disturbances, a PCX82C200 enters the Bus-Off state 
and the microcontroller may use default values. 

Minor disturbances of bus activities will not affect a 
PCX82C200. In particular, a PCX82C200 does not enter 
the Bus-Off state or inform the microcontroller of a 
short-lasting bus disturbance. 


8.10.2 Detection and localization of hardware 
DISTURBANCES AND DEFECTS 

The rules for error confinement are defined by the 
CAN-protocol specification (and implemented in the 
PCX82C200), in that the PCX82C200, being nearest to 
the error-locus, reacts with a high probability, the 
quickest (i.e. becomes error-passive or Bus-Off), hence 
errors can be localized and their influence on normal bus 
activities is minimized. 

8.10.3 Error Confinement 

All PCX82C200's contain a Transmit Error Counter and a 
Receive Error Counter, which registers errors during the 
transmission and the reception of messages, 
respectively. 

If a message is transmitted or received correctly, the 
count Is decreased. In the event of an error, the count is 
increased. The Error Counters have an non-proportional 
method of counting: an error causes a larger counter 
increase than a correctly transmitted/received message 
causes the count to decrease. Over a period of time this 
may result in an increase in error counts, even if there 
are fewer corrupted messages than uncorrupted ones. 
The level of the Error Counters reflect the relative 
frequency of disturbances. The ratio of 
increase/decrease depends on the acceptable ratio of 
invalid/vaiid messages on the bus and is hardware 
Implemented to eight. 

If one of the Error Counters exceeds the Warning Limit of 
96 error points, indicating a significant accumulation of 
error conditions, this is signalled by the PCX82C200 
(Error Status, Error Interrupt). 

A PCX82C200 operates in the error-active mode until it 
exceeds 127 error points on one of its Error Counters. At 
this point it will enter the error-passive state. 

A transmit error which exceeds 255 error points results in 
the PCX82C200 entering the Bus-Off state. 
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9 LIMITING VALUES 

Limiting values in accordance with the Absolute Maximum Rating System (IEC134) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Vdd 

supply voltage range 

4.5 

5.5 

V 

1, 

input/output current on any pin except from TXO and TX1 

- 

±10 

mA 

*OT 

sink current of TXO and TX1 together (note 1 ) 

- 

28 

mA 

Iqt 

source current of TXO and TX1 together (note 1) 

- 

-20 

mA 

”i"amb 

operating ambient temperature range: 





PCA82C200 

-40 

-hi 25 

°C 


PCF82C200 

^0 

+85 

°C 

T.. 

storage temperature range 

-65 

+150 


P,o, 

total power dissipation (note 2) 

- 

1 

W 


Notes 

1 . Iqt is allowed in case of a bus failure condition because then the TX-outputs are switched off automatically after a 
short time (Bus-Off state). During normal operation Iqt is a peak current, permitted for t < 100 ms. The average 
output current must not exceed 10 mAfor each TX-output. 

2. The value is based on the maximum allowable die temperature and the thermal resistance of the package, not on 
device power consumption. 


10 DC CHARACTERISTICS 

Vdd < 5 V ±1 0%; Vss = 0 V; T^^ = -40 to +^ 25 °C for the PCA82C200 and T^^ = -40 to -1-85 °C for the PCF82C200. 
All voltages measured with respect to unless otherwise specified 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

Supply 1 

Voo 

supply voltage range 


4.5 

5.5 

V 


supply current: 
operating 

RST = Vss; 

fcLK= 16MH2 (note 1) 

- 

15 

mA 

•sm 

sleep mode 

oscillator inactive (note 2) 

- 

40 

UA 

Inputs 1 

V,L1 

LOW level input voltage 
(except XTAL1 , RXO and RX1) 


-0.5 

0.8 

V 

ViL2 

XTAL1 LOW level input voltage 


- 

0.2Vdd 

V 

V,H1 

HIGH level input voltage 
(except XTAL1 , RST, RXO and RX1 ) 


3.2 

Vdd+ 0.5 

V 

V.H2 

XTAL1 HIGH level input voltage 


0.7Vdd 

- 

V 

V|H3 

RST HIGH level input voltage 


3.3 

Vdd+ 0.5 

V 

'u 

input leakage current 
(except XTAL1 , RXO and RX1) 

0.45 V < V, < Vdd 


+10 

pA 
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SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

Outputs I 

VoL 

LOW level output voltage 
(except XTAL2, TXO and TX1 ) 

lot = 1 .6 mA 

- 

0.45 

V 

V0H1 

HIGH level output voltage 

(except TXO, TX1 , INT and CLK OUT) 

Iqh “ 

2.4 

- 

V 

VoH2 

CLK OUT HIGH level output voltage 

loH = 

0-8Vqq 


V 

CAN input comparator | 



Vdd = 5V±5%; 

1.4 V<V,< Vdd- 1.4 V 




Vdif 

differential input voltage 

note 3 

±42 

- 

mV 

Vhyst 

hysteresis voltage 

note 3 

12 

45 

mV 

li 

input current 


- 

±400 

nA 

CAN output driver | 



Vdd = 5 V ±5% 




Volt 

TXO and TX1 output voltage LOW 

Iq = 1 .2 mA (note 3) 

- 

0.1 

V 



Iq = 1 0 mA 

- 

1.0 

V 

VoHT 

TXO and TX1 output voltage HIGH 

Iq = 1 .2 mA (note 3) 

< 

o 

o 

1 

p 

- 

V 



Iq = 1 0 mA 

< 

o 

o 

1 

o 

- 

V 


Notes 

1 . (ADO - AD7) = ALE = ^ = WR = CS = VddI MODE = Vssi RXO = 2.7 V; RX1 = 2.3 V; XTAL1 = 0.5V/Vdd - 0.5 V; 
all outputs unloaded. 

2. (ADO - AD7) = ALE = ^ = WR = W = ^ = CS = MODE = RXO = Vooi RX1 = XTAL1 = Vssi all outputs 
unloaded. 

3. Not tested during production. 
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11 AC CHARACTERISTICS 

VjjD = 5 V ±10%; Vss = 0 V; Cl = 50 pF (output pins); T^^^ = -40 to +85/1 25 °C; unless otherwise specified (note 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

^CLK 

oscillator frequency 


3 

16 

MHz 

tsui 

address set-up to ALE/AS LOW 


10 

_ 

ns 

Wl 

address hold time 


22 

- 

ns 

Wl 

ALE/AS pulse width 


35 

- 

ns 

Wdi 

TO LOW to valid data output 

Intel mode 

- 

60 

ns 

^VD2 

E HIGH to valid data output 

Motorola mode 

- 

60 

ns 

foFI 

data float after TO HIGH 

Intel mode 

10 

55 

ns 


data float after E LOW 

Motorola mode 

10 

55 

ns 

tsU2 

input data set-up to WR HIGH 

Intel mode 

30 

- 

ns 

VlD2 

input data hold after Wr HIGH 

Intel mode 

13 

- 

ns 

Wl 

WR HIGH to next ALE HIGH 


23 

- 

ns 

^1+13 

E LOW to next AS HIGH 

Motorola mode 

23 

- 

ns 

tsU3 

input data set-up to E LOW 

Motorola mode 

30 

- 

ns 

^HDS 

input data hold after E LOW 

Motorola mode 

25 

- 

ns 

tai 

ALE LOW to WR LOW 

Intel mode 

10 

- 

ns 

\ l 2 

ALE LOW to TO LOW 

Intel mode 

10 

- 

ns 

tLHI 

AS LOW to E HIGH 

Motorola mode 

10 

- 

ns 

^SU4 

set-up time of RD/WR to E HIGH 

Motorola mode 

20 

- 

ns 

tpW2 

WR pulse width 

Intel mode 

170 

- 

ns 

tpW3 

RD pulse width 

Intel mode 

170 

- 

ns 

W 4 

E pulse width 

Motorola mode 

170 

- 

ns 

tLL3 

CS LOW to WR LOW 

Intel mode 

0 

- 

ns 

W 

CS LOW to TO LOW 

Intel mode 

0 


ns 

V 12 

^ LOW to E HIGH 

Motorola mode 

0 

- 

ns 

Input comparator/output driver 

tsd 

sum of the input and output delays 

Vdd = 5V±5%; 

VD,p = ±42mV; 

1 .4 V < V| < Vdd - 1 .4 mV 


62 

ns 


Note 

1 . AC characteristics are not tested. 
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11.1 AC timing diagrams 


read cycle time 
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Fig.8 Read cycle timing diagram; Intel mode. 
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11.2 Additional AC information 

To provide optimum noise immunity under worse case 
conditions, the chip is powered by three separate pins 
and grounded by three separate pins, see Fig. 12. 


Vdd3 



Fig. 12 Optimized noise immunity biock diagram. 


• a 5 V power supply with protection against car battery 
disturbances 

• two different physical CAN-bus interfaces (selectable) 

• an RS232 interface 

• demonstration hardware 

• a wrap field for customer-specific circuitry. 

The software provided with the board supports "learning 
about CAN' and assists in prototype (e.g. in-vehicle) 
networks. It provides: 

• demonstration software (automaticaily-initiated) 

• the menu-driven software comprises: 

- a facility to aiter the contents of the PCX82C200 
registers 

- a bus monitor to receive messages from the 
CAN-bus and to display them on a terminal 

- a download facility for the user’s application 
software. 

With these facilities the board is a basis for prototype 
modules; when using entirely your own software, the 
board can be used as a custom, debugged and proven 
hardware module. 


12 DEVELOPMENT SUPPORT AND TOOLS 
12.1 The PCX82C200 Evaluation Board 

Philips offers powerful support during the design and test 
stages of CAN networks, working closely with customers 
to develop their systems. The ’Philips Stand-alone 
CAN-Controller (PSCC) Evaluation Board’ is a versatile 
tool being a ready-to-use hardware and software 
module, very similar to a real CAN module. Since a 5 V 
power supply is provided, the board can be used in any 
vehicle without modification. An RS232 interface allows a 
terminal or a PC with terminal-emulation software to be 
connected to the board. The board comprises: 

• a PCX82C200 CAN-bus controller 

• a PCA80C552 microcontroller with up to 32K x 8 bits 
external RAM and EPROM 


12.2 Advanced support 

For further development support. Philips subcontractor 
l+ME offers a complete set of development tools 
including: 

• a CAN simulator: CAN/Net Sim 

• an emulator; CAN/Net Emu 

• a network analyzer; CAN/Net Anal. 

l+ME can be contacted through the following address: 

l+ME GmbH 
Ferdinandstrasse 15 A 
D-3340 Wolfenbuettel 
West Germany. 

Phone: ++49-533 1-72066 
Fax: ++49-5331 -32455 
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DESCRIPTION 

The 80C592/83C592/87C592 (hereafter 
referred to generically as the 8XC592) is a 
stand-alone high-performance microcontroller 
designed for use in automotive and general 
industrial applications. In addition to the 
80C51 standard features, this device 
provides a number of dedicated hardware 
functions for these applications. Three 
versions of this derivative will be offered; 

- 83C592 (ROM version) 

- 80C592 (ROMIess version) 

- 87C592 (EPROM/OTP version) 

It combines the functions of the existing 
8XC552 and the Philips CAN-Controller 
PCA82C200 (CAN: Controller Area Network) 
with the following enhanced features; 

• 16K byte Program Memory 

• 2 X 256 byte Data Memory 

• DMA between CAN Transmit/Receive 
buffer and internal RAM 

The temperature range includes -40 "^C to 
+85°C as well as automotive temperature 
range -40°C to +125'^C for the ROM and 
ROMIess version with a maximum clock 
frequency of 16MHz. The 87C592 has a 
temperature range of -40°C to +85°C. 

The main differences to the 8XC552 
microcontroller are: 

- a Can-controller substitutes the I^C-serial 
interface 

- 16K byte programmable ROM resp. 

EPROM instead of 8K byte 

- additional 256 byte RAM. 

The 8XC592 contains a 16k X 8 EPROM 
(87C592), ROM (83C592) program memory, 
a volatile 512 X 8 read/write data memory, a 
Controller Area Network (CAN) controller, six 
8-bit I/O ports, one 8-bit input port, two 16-bit 
timer/event counters (identical to the timers of 
the 80C51), an additional 16-bit timer coupled 
to capture and compare latches, a 15-source, 
two-priority-level, nested interrupt structure, a 
10-input ADC, a dual DAC pulse width 
modulated Interface, two serial interfaces 
(UART and CAN), a “watchdog" timer and 
on-chip oscillator and timing circuits. For 
systems that require extra capability, the 
8XC592 memory can be expanded externally 
using standard TTL compatible memories 
and logic. 


FEATURES 

• 80C51 core architecture 

• 16kX8EPROM (87C592) 

• 16k X 8 ROM (83C592) 

• ROMIess (80C592) 

• 512 X 8 RAM, expandable externally to 64k 
bytes 

• Two standard 16-bit timer/counters 

• An additional 16-bit timer/counter coupled 
to four capture registers and three compare 
registers 

• A 10-bit ADC with eight multiplexed analog 
inputs 

• Two 8-bit resolution, pulse width 
modulation outputs 

• 15 interrupt sources with 2 priority levels 

• Five 8-bit I/O ports plus one 8-bit input port 
shared with analog inputs 

• CAN controller with DMA transfer between 
internal data RAM and CAN registers 

• Up to 1 Mbit/s CAN-Controller with bus 
failure management facility 

• Vdd/ 2 reference voltage 

• Full-duplex UART compatible with the 
standard 80C51 

• On-chip watchdog timer 

• Extended temperaUjre ranges (-40 to 
+125°C) 

• OTP package available 

• ROM code protection 


PIN CONFIGURATION 




fil fT| 

N 




r ° 





[io 







CERAMIC 





AND 






PLASTIC 





LEADED 





CHIP 







CARRIER 





1“ 




3 



1^1 

"1 



Pin 

Function 

Pin 

Function 

1 

P5.0/ADC0 

35 

Vs 

s 

2 

Vdo 

36 

P2.0/A08 

3 

STADC 

37 

P2.1/A09 

4 

PWRTO 

38 

P2.2/A10 

5 

PWM1 

39 

P2.3/A11 

6 


1 

40 

P2.4/A12 

7 

P4.0/CMSR0 

41 

P2.5/A13 

8 

P4.1/CMRS1 

42 

P2.6/A14 

9 

P4.2CMSR2 

43 

P2.7/A15 

10 

P4.3/CMSR3 

44 

P5ER 

11 

P4.4/CMSR4 

45 

ALE^PROG 

12 

P4.5/CMSR5 

46 

EATVpp 

13 

P4.6/CMT0 

47 

P0.7/AD7 

14 

P4.7/CMT1 

48 

P0.6/AD6 

15 

RST 

49 

P0.5/AD5 

16 

P1.0/CT0I/INT2 

50 

P0.4/AD4 

17 

P1.1/CT11/INT3 

51 

P0.3/AD3 

18 

P1.2/CT21/INT4 

52 

P0.2/AD2 

19 

P1.3/CT3I/INT5 

53 

PO. 1/ADI 

20 

P1.4/T2 

54 

PO.O/ADO 

21 

P1.5/RT2 

55 

REF 

22 

CV 

ss 

56 

CRX1 

23 

P1.6/CTX0 

57 

CRXO 

24 

P1.7/CTX1 

58 

AVref- 

25 

P3.0/RxD 

59 

AVref+ 

26 

P3.1TXD 

60 

A\ 


27 

P3.2/TNT0 

61 

A\ 

'do 

28 

P3.3/TNTT 

62 

P5.7/ADC7 

29 

P3.4/T0 

63 

P5.6/ADC6 

30 

P3.57T1 

64 

P5.5/ADC5 

31 

P3.6A/7R 

65 

P5.4/ADC4 

32 

P3.7/Rn 

66 

P5.3/ADC3 

33 

XTAL2 

67 

P5.2/ADC2 

34 

XTAL1 

68 

P5.1/ADC1 
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P80C592FFA P83C592FFA 
P80C592FHA P83C592FHA 


EPROM TEMPERATURE RANGE «C AND PACKAGE 

- -40 to +85, 68-Pin Plastic Leaded Chip Carrier 


- -40 to +125, 68-Pin Plastic Leaded Chip Carrier 

P87C592EFL -40 to +85, 68-Pin Ceramic Leaded Chip Carrier 
w/Window 

P87C592EFA -40 to +85, 68-Pin Plastic Leaded Chip Carrier 


FREQUENCY DRAWING 
MHZ NUMBER 


1.2 to 16 


1.2 to 16 
3.5 to 16 



BLOCK DIAGRAM 
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PIN DESCRI PTION 
MNEMONIC I PIN NO. 


NAME AND FUNCTION 

Digital Power Supply: -t-5V power supply pin during normal operation, idle and power-down mode. 

Start ADC Operation: Input starting analog to digital conversion (ADC operation can also be started by 
software). This pin must not float. 

Pulse Width Modulation: Output 0. 

Pulse Width Modulation: Output 1. 

Enable Watchdog Timer: Enable for T3 watchdog timer and disable power-down mode. This pin must 
not float. 

Port 0: Port 0 is an 8-bit open-drain bidirectional I/O port. Port 0 pins that have 1 s written to them float 
and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order address and data 
bus during accesses to external program and data memory. In this application it uses strong internal 
pull-ups when emitting 1s. Port 0 is also used to input the code byte during programming and to output 
the code byte during verification. 

Port 1 : 8-bit I/O port. Alternate functions include; 

CT0I-CT3I (PI .0-PI .3): Capture timer input signals for timer T2. 

INT2-INT5 (PI .0-PI .3): External interrupts 2-5. 

T2 (P1.4): T2 event input. Rising edge triggered. 

RT2 (Pi .5): T2 timer reset signal. Rising edge triggered. 

CTXO (PI. 6): CAN transmitter output 0. 

CTX1 (P1.7); CAN transmitter output 1. 

Port 1 is also used to input the lower order address byte during EPROM programming and verification. 
AO is on PI .0, etc. 

CVss: CAN transmitter driver ground. 

Port 2: 8-bit quasi-bidirectional I/O port. 

Alternate function; High-order address byte for external memory (A08-A15). Port 2 is also used to input 
the upper order address during EPROM programming and verification. A8 Is on P2.0, A9 on P2.1 , 
through A12 on P2.4. 

Port 3: 8-bit quasi-bidirectional I/O port. Alternate functions include; 

RxD (P3.0): Serial input port. 

TxD (P3.1): Serial output port. 

INTO (P3.2): External interrupt. 

INTT (P3.3): External interrupt. 

TO (P3.4): Timer 0 external input. 

T1 (P3.5): Timer 1 external input. 

WR (P3.6): External data memory write strobe. 

RU (P3.7): External data memory read strobe. 

Port 4: 8-bit quasi-bidirectional I/O port. Alternate functions include; 

CMSR0-CMSR5 (P4.0-P4.5): Timer T2 compare and set/reset outputs on a match with timer T2. 

CMTO, CMTI (P4.6, P4.7): Timer T2 compare and toggle outputs on a match with timer T2. 

Port 5: 8-bit input port. 

ADC0-ADC7 (P5.0-P5.7): Alternate function; Eight input channels to ADC. 

Reset: Input to reset the 8XC592. It also provides a reset pulse as output when the watchdog timer 
overflows or after a CAN wakeup from power-down. 

Crystal Pin 1 : Input to the inverting amplifier that forms the oscillator, and input to the internal clock 
generator. Receives the external clock signal when an external oscillator is used. 

Crystal Pin 2: Output of the inverting amplifier that forms the oscillator. Left open-circuit when an 
external clock is used. 

Digital ground. 

Program Store Enable: Active-low read strobe to external program memory. 

Address Latch Enable: Latches the low byte of the address during accesses to external memory. It is 
activated every six oscillator periods. During an external data memory access, one ALE pulse is 
skipped. ALE can drive up to eight LS T TL input s and handles CMOS inputs without an external pull-up. 
This pin is also the program pulse input (PROG) during EPROM programming. 
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PIN DESCRIPTION (Continued) 


MNEMONIC 

PIN NO. 

TYPE 

NAME AND FUNCTION 

EA/Vpp 

46 

1 

External Access: When EA is held at TTL level high, during reset the CPU executes out of the Internal 
program ROM provided the program counter is less than 16384. When EA is held at TTL low level, 
during reset the CPU executes out of external program memory. EA is not allowed to float. This pin also 
receives the 12.75V programming supply voltage (Vpp) during EPROM programming. 

REF 

55 

O 

REF: AVDiy2 reference voltage output or Input, depending on CAN control register bits. If the internal 
reference Is used, then REF should be connected to AVss through a lOnf (or greater) capacitor. 

CRX1 

56 

1 

CRX1: CAN receiver input line 1 . 

CRXO 

57 

1 

CRXO: CAN receiver input line 0. 

AVref- 

58 

1 

Analog to Digital Conversion Reference Resistor: Low-end. 

AVref+ 

59 

1 

Analog to Digital Conversion Reference Resistor: High-end. 

AVss 

60 

1 

Analog Ground (for ADC and CAN receiver) 

AVdd 

61 

1 

Analog Power Supply (for ADC and CAN receiver) 


NOTE: 

1 . To avoid “latch-up” effect at power-on, the voltage on any pin at any time must not be higher or lower than Vqd + 0-5 V or Vss - 0.5V, 
respectively. 


The 8XC592 has the same operation as the 
8XC552 for all features except the CAN 
interface and the AuxRAM. Please refer to 
the 8XC552 section in this data handbook for 
information on the PWM outputs, A/D 
converter. Timers 0, 1 , or 2, the Watchdog 
Timer and the UART (SICX)). 


INTERNAL DATA MEMORY 

The internal Data Memory is divided into 
three physically separated parts: the 256 byte 
of Main RAM, the 256 byte of AuxRAM, and 


the 1 28 byte special function area, these can 
be addressed each in a different way. 

- Main RAM 0 to 127 can be addressed 
dirctly and indirectly as In the 80C51. 
Address pointers are RO and R1 of the 
selected register bank. 

- Main RAM 1 28 to 255 can only be 
addressed indirectly. Address pointers are 
RO and R1 of the selected register bank. 

- AuxRAM 0 to 255 Is Indirectly addressable 
in the same way as the external Data 
Memory with MOVX instructions. Address 
pointers are RO, R1 of the selected register 


bank and the DPTR. An access to 
AuxRAM 0 to 255 will not affect the ports 
PO, P2. P3.6 and P3.7 during internal 
program execution. 

An access to external Data Memory 
locations higher than 255 will be performed 
with the MOVX @DPTR instructions in the 
same way as in the 80C51 structure, so 
with PO and P2 as data/address bus and 
P3.6 and P.37 as write and read strobe 
signals. Note that these external Data 
Memory locations cannot be accessed with 
RO or R1 as address pointer. 


November 25, 1992 


482 









Philips Semiconductors Microcontroller Products 


Preliminary specification 


Single-chip 8-bit microcontroller with CAN controller 


80C592/83C592/87C592 


BLOCK DIAGRAM OF 8XC592 CAN CONTROLLER CIRCUITRY 



CRXO 

and 

CRX1 


cvss 


CTXO 
' and 
CTX1 


CAN FUNCTIONAL DESCRIPTION 
SI01,CAN 

(Controller Area Network) 

CAN is the definition of a high performance 
communication protocol for serial data 
communication. The 8XC592 on-chip CAN 
Controller is a full implementation of the 
CAN-protocol. With Ihe 8XC592, powerful 
local networks can be built, both for 
automotive and general industrial 
environments. This results in a strongly 
reduced wiring harness and enhanced 
diagnostic and supervisory capabilities. 

Features 

• Multi-master architecture 

• Bus access priority determined by the 
message Identifier 

• 2032 message identifier 


• Guaranteed latency time for high priority 
messages 

• Powerful error handling capability 

• Data length from 0 up to 8 bytes 

• Multicast and broadcast message facility 

• Non-destructive bit-wise arbitration 

• Non-return-to-zero (NRZ) coding/decoding 
with bit stuffing 

• Programmable transfer rate (up to 1 Mbit/s) 

• Programmable output driver configuration 

• Suitable for use in a wide range of 
networks, including the SAE’s network 
classes A, B and C 

• DMA providing high-speed on-chip data 
exchange 

• Bus failure management facility 

• AVdd /2 reference voltage 


The CAN Controller meets the following 

automotive requirements: 

• Short message length 

• Guaranteed latency time* for urgent 
messages 

• Bus access priority, determined by the 
message Identifier 

• Powerful error handling capability 

• Configuration flexibility to allow area 
network expansion. 

NOTE: 

• The latency time defines the period 
between frie initiation (Transmission 
Request) and the start of the transmission 
on the bus. The latency time strongly 
depends on a large variety of bus-related 
conditions. In the case of a message 
being transmitted on the bus and qq£ 
distortion, the latency time can be up to 

1 49 bit times (worst case). For more 
information, see the application note on 
bit timing. 
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CAN Functional Overview 

The 8XC592 Includes all hardware modules 
necessary to implement the transfer layer 
which represents the kernel of the CAN 
protocol. Refer to the block diagram (previous 
page) of the CAN controller portion of the 
8XC592. 


Interface Special Function Registers 
The data transfer between the CPU and the 
CAN part of the 8XC592 is done via four 
SFRs: 


CANADR (DBH): to point to a register of 
the CAN-controller 


CANDAT(DAH): 
CANCON (D9H): 

CANSTA (D8H); 


to read or write data 

to read interrupt flags 
and to write commands 

to read status infor- 
mation and to write 
DMA pointer to the 
MAIN RAM 


Additionally, the DMA-logic allows a high- 
speed data exchange between the CAN- 
controller and the MAIN RAM (see section 
"Handling of the CPU-CAN Interface”). 


provides interrupts and status information to 
the CPU. 

Transmit Buffer (TBF) 

The TBF is an interface between the CPU 
and the Bit Stream Processor (BSP) and is 
able to store a complete message. The buffer 
is written by the CPU and read by the BSP. 
The TBF is 10 bytes long to hold the 
Descriptor (2 bytes) and the Data-Field (up to 
8 bytes) of the message. 

Receive Buffer (RBFO, RBF1) 

The RBF is an interface between the BSP 
and the CPU and stores a message received 
from the busline. Once filled by BSP and 
allocated to the CPU by IML, the buffer 
cannot be used to store subsequently 
received messages until the CPU has (read 
and) released the buffer. 

To reduce the requirements on the CPU, two 
receive buffers (RBFO, RBF1) are 
implemented. While one RBF Is allocated to 
the CPU, the BSP may write to the other one. 
Both RBFO and RBF1 are 10 bytes long to 
hold the Descriptor (2 bytes) and the 
Data-Field (up to 8 bytes) of the message. 


interface Management Logic 
(IML) 

The IML interprets the commands from the 
CPU, controls the allocation of the message 
buffers Transmit Buffer (TBF), Receive Buffer 
0 (RBFO), and Receive Buffer 1 (RBF1), and 


Bit Stream Processor (BSP) 

This is a sequencer controlling the data 
stream between transmit and receive buffers 
(parallel data) and the busline (serial data). 
The BSP contains the Acceptance Filter and 
also controls the TCL and the EML such that 
the processes of reception, arbitration, 


transmission, and error signaling are 
performed according to the protocol. The 
BSP provides signals to the IML indicating 
when a message has got acceptance, when 
a receive buffer contains a valid message, 
and also when the transmit butter is no longer 
required after a successful transmission. 

B\t Timing Logic (BTL) 

This block monitors the busline using the 
(built-in) Input Comparator and handles the 
busline-related bit timing. 

The BTL synchronizes on a “recessive” to 
"dominant" busline transition at tfie beginning 
of a message (hard synchronization) and 
resynchronizes on further transitions during 
the reception of a message (soft 
synchronization). 

The BTL also provides programmable time 
segments to compensate for the propagation 
delay times and phase shifts (e.g., due to 
oscillator drifts) and to define tiie sampling 
time and the number of samples (one or 
three) to be taken within a bit time. 

Transceiver Logic (TCL) 

The TCL controls the transmit output driver. 

Error Management Logic (EML) 

The EML Is responsible for the error 
confinement of the transfer-layer modules. 

The EML gets error announcements from 
BSP and then informs the BSP, TCL, and IML 
about error statistics. 
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CONTROL SEGMENT AND 
MESSAGE BUFFER 
DESCRIPTION 

The CAN Controller appears to the CPU as 
an on chip memory mapped peripheral, 
guaranteeing the independent operation of 
both parts. 

Address Allocation 

The address area of the CAN Controller 
consists of the Control Segment and the 


message buffers. The Control Segment is 
programmed during an initialization 
down-load in order to configure 
communication parameters (e.g., bit timing). 
The communication over the CAN-bus is also 
controlled via this segment by the CPU. A 
message which is to be transmitted, must be 
written to the Transmit Buffer. After a 
successful reception the CPU may read the 
message from the Receive Buffer and then 
release it for further use. 


Control Segment Layout 

The exchange of status, control and 
command signals between the CPU and the 
CAN Controller is performed in ttie control 
segment. The layout of this segment is 
shown in Figure 1 . After an initial down-load, 
the contents of the registers Acceptance 
Code, Acceptance Mask, bus Timing 0 and 1 
and Output Control should not be changed. 
These registers may only be accessed when 
the Reset Request bit in the Control Register 
is set HIGH (see “Control Register”). 


ADDRESS 
0 


ACCEPTANCE CODE 


ACCEPTANCE MASK 


BUS TIMING 0 


OUTPUT CONTROL 


CONTROL SEGMENT 


10 

IDENTIFIER, 

1 

DESCRIPTOR 

11 

RTR BIT, DATA LENGTH CODE 

I 

12 

BYTE1 



13 

BYTE 2 



14 

BYTE 3 



15 

BYTE 4 


DATA FIELD 

16 

BYTES 


17 

BYTES 



18 

BYTE? 



19 

BYTE 8 




TRANSMIT BUFFER 


IDENTIFIER, 


RTR BIT, DATA LENGTH CODE 


IDENTIHER, 


RTR BIT. DATA LENGTH code! 


> DESCRIPTOR 


> DATA FIELD 


y RECEIVE BUFFER 0 OR 1 


Figure 1 . CAN Controller Internal Address Allocation 
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Table 1 . CAN Registers 


DESCRIPTION 

ADDRESS 

7 (MSB) 

6 

5 

_j 

4 

3 

2 

1 

0 (LSB) 

Control Segment 

Control Register 

0 

Test Mode 

Synch 

Reference 

Active 

Overrun 

Interrupt 

Enable 

Error 

Interrupt 

Enable 

Transmit 

Interrupt 

Enable 

Receive 

Interrupt 

Enable 

Reset 

Request 

Command Register 

1 

RXO 

Active 

RX1 

Active 

Wake-Up 

Mode 

Sleep 

Clear 

Overrun 

Status 

Release 

Receive 

Buffer 

Abort 

Trans- 

mission 

Trans- 

mission 

Request 

Status Register 

2 

Bus 

Status 

Error 

Status 

Transmit 

Status 

Receive 

Status 

Trans- 

mission 

Complete 

Status 

Transmit 

Buffer 

Access 

Data 

Overrun 

Receive 

Buffer 

Status 

Interrupt Register 

3 

reserved 

reserved 

reserved 

Wake-Up 

Interrupt 

Overrun 

Interrupt 

Error 

Interrupt 


Receive 

Interrupt 

Acceptance Code 
Register 

4 

AC.7 

AC.6 

AC.5 

AC .4 

AC.3 



AC.O 

Acceptance Mask 
Register 

5 

AM.7 

AM.6 

AM.5 

AM.4 

AM.3 



AM.O 

Bus Timing Register 0 

6 

SJW.1 

SJW.O 

BRP.5 

BRP.4 

BRP.3 

BRP.2 

BRP.1 

BRP.O 

Bus Timing Register 1 

7 

SAM 

TSEG2.2 

TSEG2.1 

TSEG2.0 

TSEG1.3 

TSEG1.2 

TSEG1.1 

TSEG1.0 

Output Control 

Register 

8 

OCTP1 

OCTN1 

OCPOL1 

OCTPO 

COTNO 

OCPOLO 

OCMODE1 

OCMODEO 

Transmit Buffer 

Identifier 

10 

ID.10 

ID.9 

ID.8 

ID.7 

ID.6 

ID.5 

ID.4 

ID.3 

RTR, Data Length 

Code 

11 

ID.2 

ID.1 

ID.O 

RTR 

DLC.3 

DLC.2 

DLC.1 

DLC.O 

Bytes 1-8 

12-19 

Data 

Data 

Data 

Data 

Data 

Data 

Data 

Data 

Receive Buffer 0/1 

Identifier 

20 

ID.10 

ID.9 

ID.8 

ID.7 

ID.6 

ID.5 

ID.4 

ID.3 

RTR, Data Length 

Code 

21 

ID.2 

ID.1 

ID.O 

RTR 

DLC.3 

DLC.2 

DLC.1 

DLC.O 

Bytes 1-8 

22-29 

Data 

Data 

Data 

Data 

Data 

Data 

Data 

Data 
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Control Register (CR) 

The contents of tiie Control Register are used 
to change the behavior of the CAN Controller. 
Control bits may be set or reset by the CPU 
which uses the Control Register as a 
read/write memory. 


Table 2. Description of the Control Register Bits 


CR 

ADDRESS 0 

BIT 

SYMBOL 

NAME 

VALUE 

FUNCTION 

CR.0 

RR 

Reset Request^ 

HIGH (present) 

Detection of a Reset Request results in the CAN Controller aborting 
the current transmission/reception of a message entering the reset 
state. 

LOW (absent) 

On the HIGH-to-LOW transition of the Reset Request bit, the CAN 
Controller returns to its normal operating state. 

CR.1 

RIE 

Receive Interrupt Enable 

HIGH (enabled) 

When a message has been received without errors, the CAN 
Controller transmits a Receive Interrupt signal to the CPU. 

LOW (disabled) 

No transmission of the Receive Interrupt signal by the CAN 

Controller to the CPU. 

CR.2 

1 

Transmit Interrupt Enable 

HIGH (enabled) 

When a message has been successfully transmitted or the transmit 
buffer is accessible again, (e.g., after an Abort Transmission 
command) the CAN Controller transmits a Transmit Interrupt signal 
to the CPU. 

LOW (disabled) 

No transmission of the Transmit Interrupt signal by the CAN 

Controller to the CPU. 

CR.3 

■ 

Error Interrupt Enable 

HIGH (enabled) 

If the Error or Bus Status change (see status Register), the CPU 
receives an Error Interrupt signal. 

LOW (disabled) 

The CPU receives no Error Interrupt signal. 

CR.4 

OIE 

Overrun Interrupt Enable 

HIGH (enabled) 

If the Data Overrun bit is set (see Status Register), the CPU 
receives an Overrun Interrupt signal. 

LOW (disabled) 

The CPU receives no Overrun Interrupt signal from the CAN 
Controller. 

CR.5 

RA 

Reference Active^ 

HIGH (output) 

The pin REF is an AVdd /2 reference output. 

LOW (input) 

A reference voltage may be input. 

CR.6 

S 

Synch^ 

HIGH (2 edges) 

Bus-line transitions from recessive-to-dominant and vice versa are 
used for resynchronization. 

LOW (1 edge) 

Only transitions from recessive-to-dominant are used for 
resynchronization. 

CR.7 

- 

RESERVED 


NOTES: 

1 . During an external reset (RST = HIGH) or when the Bus Status bit is set HIGH (Bus-Off), the IML forces the Reset Request HIGH (present). 
During an external reset the CPU cannot set the Reset Request bit LOW (absent). Therefore, after having set the Reset Request bit LOW 
(absent), the CPU must check this bit to ensure that the external reset pin is not being held HIGH (present). After the Reset Request bit is 
set LOW (absent) the CAN controller will wait for: 

- one occurance of the Bus-Free signal (1 1 recessive bits), if the preceding reset (Reset Request = HIGH) has been caused by an external 
reset or a CPU initiated reset, 

- 128 occurances of Bus-Free, if the preceding reset (Reset Request = HIGH) has been caused by a CAN Controller initiated Bus-Off, 
before re-entering the Bus-On mode. 

- When Reset Request is set HIGH (present), for whatever reason, the control, command, status and interrupt bits are affected, see Table 3. 
Only, when Reset Request is set HIGH (present) the registers at addresses 4 to 8 are accessible. 

2. A modification of the bits Reference Active and Synch is only possible with Reset Request = HIGH (present). It is allowed to set these bits 
while Reset Request is changed from HIGH to LOW. After an external reset (pin RST = HIGH) the Reference Active bit is set HIGH (output), 
the Synch bit is undefined. 
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Table 3. Effects of Setting the Reset Request Bit HIGH (present) 


TYPE 

BIT 

EFFECT 

Control 

Reference Active 

HIGH (output), only after an external reset 

Command 

RXO Active / RX1 Active 

HIGH (RX0=CRX0, RX1=CRX1), only after an external reset 


Sleep 

LOW (wake-up) 


Clear Overrun Status 

HIGH (clear) 


Release Receive Buffer 

HIGH (released) 


Abort Transmission 

LOW (absent) 


Transmission Request 

LOW (absent) 

Status 

Bus Status 

LOW (Bus-On), only after an external reset 


Error Status 

LOW (no error), only after an external reset 


Transmit Status 

LOW (idle) 


Receive Status 

LOW (idle) 


Transmission Complete Status 

HIGH (complete) 


Transmit Buffer Access 

HIGH (released) 


Data Overrun 

LOW (absent) 


Receive Buffer Status 

LOW (empty) 

Interrupt 

Overrun Interrupt 

LOW (reset) 


Transmit Interrupt 

LOW (reset) 


Receive Interrupt 

LOW (reset) 


Command Register (CMR) 

A command bit initiates an action within the 
transfer layer of the CAN controller, the 
Command Register appears to the CPU as a 
read/write memory, except of the bits CMR.O 
to CMR.3, which return HIGH If being read. 


FUNCTIONAL DIAGRAM 



Figure 2. Configurable CAN Receiver 
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Table 4. Description of the Command Register Bits 


CMR 

ADDRESS 1 

BIT 


NAME 

VALUE 

FUNCTION 

CMR.0 

TR 

Transmission Request^ 

HIGH (present) 

A message shall be transmitted. 




LOW (absent) 

No action. 

CMR.1 

AT 

Abort Transmission^ 

HIGH (present) 

If not already in progress, a pending Transmission Request is 
cancelled. 




LOW (absent) 

No action. 

CMR.2 

RRB 

Release Receive Buffer^ 

HIGH (released) 

The Receive Buffer attached to the CPU is released. 




LOW (no action) 

No action. 

CMR.3 

COS 

Clear Overrun"^ 

HIGH (clear) 

The Data Overrun status bit Is set to LOW (see Status Register). 





No action. 

CMR.4 

SLP 

Sleep® 


The CAN Controller enters sleep mode if no CAN interrupt is 
pending and there is no bus activity. 




LOW (wake up) 

The CAN Controller functions normally. 

CMR.5 

WUM 

Wake-Up Mode® 

HIGH (single ended) 

The difference of the RX signals to the internal reference voltage 
AVdd /2 is used for wake up. 




LOW (differential) 

The differential signal between RXO and RX1 is used for wake up. 

CMR.6 

RX1A 

RX1 Active^ 

RXO 

Active 

RX1 

Active 

See Figure 2. 

CMR.7 

RXOA 

RXO Active^ 

1 

1 

RXO = CRXO, RX1 = CRX1 




1 

0 

RX0 = CRX0, RX1 =AVdd/2 




0 

1 

RXO = AVdd/2. RXI = CRX1 



I 

0 

0 

No action. 


NOTES: 


1 . If the Transmission Request bit was set HIGH in a previous command, it cannot be cancelled by setting the Transmission Request bit LOW 
(absent). Cancellation of the requested transmission may be performed by setting the Abort Transmission bit HIGH (present). 

2. The Abort Transmission bit is used when the CPU requires the suspension of the previously requested transmission, e.g., to transmit an 
urgent message. A transmission alreacfy In progress is not stopped. In order to see if the original message had been either transmitted 
successfully or aborted, the Transmission Complete Status bit should be checked, this should be done after the Transmit Buffer Access bit 
has been set HIGH (released) or a Transmit Interrupt has been generated (see Interrupt Register). 

3. After reading the contents of the Receive Buffer (RBFO or RBF1 ) the CPU must release this buffer by setting Release Receive Buffer bit 
HIGH (released). This may result in another message becoming Immediately available. 

4. This command bit is used to acknowledge the Data Overrun condition signaled by the Data Overrun status bit. It may be given or set at the 
same time as a Release Receive Buffer command bit. 

5. The CAN Controller will enter sleep mode, If the Sleep bit is set HIGH (sleep), there is no bus activity and no interrupt is pending. A CAN 
Controller will wake up after the Sleep bit is set LOW (wake up) or when there is bus activity. On wake up, a Wake-Up Interrupt (see Interrupt 
Register) is generated (see “Power Reduction Modes"). A CAN Controller which is sleeping and then awoken by bus activity will not be able 
to receive this message until it detects a Bus-Free signal. The Sleep bit, if being read, reflects the status of the CAN Controller. 

6. The Wake-Up Mode bit should be set at the same time as the Sleep bit. The differential wake up mode is useful If both bus wires are fully 
functioning; it minimizes the probability of wake ups due to noise. The single ended wake up mode is recommended if a wake up must be 
possible even if one bus wire is already or may become disturbed (See Figure 2). 

7. The RX0/RX1 Active bits, if being read, reflect the status of the respective switches (See Figure 2). It is recommended to change the 
switches only during the reset state (Reset Request is HIGH). 
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Status Register (SR) 

The contents of the Status Register reflects 
the status of the CAN Controller. The Status 
Register appears to the CPU as a read only 
memory. 


Table 5. Description of the Status Register Bits 


SR 

ADDRESS 2 

BIT 

SYMBOL 

NAME 

VALUE 

FUNCTION 

SR.O 

RBS 

Receive Buffer Status^ 

HIGH (full) 

This bit is set when a new message is available. 

LOW (empty) 

No message has become available since the last Release Receive 
Buffer command bit was set. 

SR.1 

DO 

Data Overrun^ 

HIGH (overrun) 

This bit is set HIGH (overrun) when both Receive Buffers are full and 
the first byte of another message should be stored. 

LOW (absent) 

No data overrun has occurred since the Clear Overrun command 
was given. 

SR.2 

TBS 

Transmit Buffer Access^ 

HIGH (released) 

The CPU may write a message into the TBF. 

LOW (locked) 

The CPU cannot access the Transmit Buffer. A message is either 
waiting for transmission or is in the process of being transmitted. 

SR.3 

TCS 

Transmit Complete 
Status^ 

HIGH (complete) 

Last requested transmission has been successfully completed. 

LOW (incomplete) 

Previously requested transmission is not yet completed. 

SR.4 

RS 

Receive Status'^ 

HIGH (receive) 

The CAN Controller Is receiving a message. 

LOW (idle) 

No message is received. 

SR.5 

TS 

Transmit Status'^ 

HIGH (transmit) 

The CAN Controller is transmitting a message. 

LOW (idle) 

No message is transmitted. 

SR.6 

ES 

Error Status 

HIGH (error) 

At least one of the Error Counters has reached the CPU Warning 
limit. 

LOW (ok) 

Both Error Counters have not reached the warning limit. 

SR.7 

BS 

Bus Statu s^ 

HIGH (Bus-Off) 

The CAN Controller is not involved in bus activities. 

LOW (Bus-On) 

The CAN Controller is involved In bus activities. 


NOTES: 


1 . If the command bit Release Receive Buffer is set HIGH (released) by the CPU. the Receive Buffer Status bit is set LOW (empty) by IML 
When a new message is stored in any of the receive buffers, the Receive Buffer Status bit is set HIGH (full) again. 

2. If Data Overrun = HIGH (overrun) is detected, the currently received message is dropped. A transmitted message, granted acceptance, is 
also stored in a Receive Buffer. This occurs because it is not known if the CAN Controller will lose arbitration and so become a receiver of 
the message. If no Receive Buffer is available, Data Overrun is signaled. However, this transmitted and accepted message does neither 
cause a Receive Interrupt nor set the Receive Buffer Status bit to HIGH (full). Also, a Data Overrun does not cause the transmission of an 
Overload Frame. 

3. If the CPU tries to write to the Transmit Buffer when the Transmit Buffer Access bit is LOW (locked), the written bytes will not be accepted 
and will be lost without this being signaled. The Transmission Complete Status bit is set LOW (incomplete) whenever the Transmission 
Request bit is set HIGH (present). If an Abort Transmission command is issued, the Transmit Buffer will be released. If the message, which 
was requested and then aborted, was not transmitted, the Transmission Complete Status bitwill remain LOW. 

4. If both the Receive Status and Transmit Status bits are LOW (idle) the CAN-bus is idle. 

5. When the Bus Status bit is set HIGH (Bus-Off), the CAN Controller will set the Reset Request bit HIGH (present). It will stay In this state until 
the CPU sets the Reset Request bit LOW (absent). Once this is completed, the CAN Controller will wait the minimum protocol-defined time 
(128 occurrences of the Bus-Free signal) before setting the Bus Status bit LOW (Bus-On), the Error Status bit LOW (ok), and resetting the 
Error Counters. 
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Interrupt Register (IR) 

The Interrupt Register allows the 
identification of an interrupt source. When 
one or more bits of this register are set, a 
CAN interrupt (SI01 ) will be indicated to the 
CPU. All bits are reset by the CAN Controller 
after this register is read by the CPU. This 
register appears to the CPU as a read only 
memory. 


Table 6. Description of the Interrupt Register Bits 


IR 

ADDRESS 3 

BIT 

SYMBOL 

NAME 

VALUE 

FUNCTION 

IR.0 

Rl 

Receive Interrupt^ 

HIGH (set) 

This bit is set when a new message is available in the Receive 

Buffer and the Receive Interrupt Enable bit is HIGH (enabled). 

LOW (reset) 

Receive Interrupt bit is automatically reset by a read access of 
Interrupt Register by the CPU. 

IR.1 


Transmit Interrupt 

HIGH (set) 

This bit is set on a change of the Transmit Buffer Access from LOW 
to HIGH (released) and Transmit Interrupt Enable Is HIGH (enabled). 

LOW (reset) 

Transmit Interrupt bit will be reset after a read access of the Interrupt 
Register by the CPU. 

IR.2 



HIGH (set) 

This bit is set on a change of either the Error Status or Bus Status 
bits (see Status Register) if the Error Interrupt Enable is HIGH 
(enabled). 


The Error Interrupt bit is reset by a read access of the Interrupt 
Register by the CPU. 

IR.3 

OI 

Overrun Interrupt^ 


This bit is set HIGH, if both Receive Buffers contain a message and 
the first byte of another message should be stored (passed 
acceptance), and the Overrun Interrupt Enable is HIGH (enabled). 

LOW (reset) 

Overrun Interrupt bit is reset by a read access of the Interrupt 
register by the CPU. 

IR.4 

WUI 

Wake-Up Interrupt 

HIGH (set) 

The Wake-Up Interrupt bit is set HIGH when the sleep mode is left 
(see Command Register). 

LOW (reset) 

Wake-Up Interrupt bit is reset by a read access of the Interrupt 
Register by the CPU. 

IR.5 

- 

RESERVED 

IR.6 

- 

RESERVED 

IR.7 

- 

RESERVED 


NOTES: 

1 . Receive Interrupt bit (if enabled) and Receive Buffer Status bit (see Status Register) are set at the same time. 

2. Overrun Interrupt bit (if enabled) and Data Overrun bit (see Command Register) are set at the same time. 
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Acceptance Code Register (ACR) 

The Acceptance Code Register is part of the 
acceptance filter of the CAN Controller. This 
register can be accessed (read/write), if the 
Reset Request bit is set HIGH (present). 
When a message is received which passes 
the acceptance test and if there is an empty 
Receive Buffer, then the respective 
Descriptor and Data Field (see Figure 1) are 
sequentially stored in this empty buffer. In the 
case that there is no empty Receive buffer, 
the Data Overrun bit is set HIGH (overrun), 
see Status and Interrupt Register. When the 
complete message has been correctly 
received, the following occurs: 

• The Receive Buffer Status bit is set HIGH 
(full) 

• If the Receive Interrupt Enable bit is set 
HIGH (enabled), the receive Interrupt is set 
HIGH (set). 

The Acceptance Code bits (AC.7-AC.0) and 
the eight most significant bits of the 
message’s Identifier (ID.10~ID.3) must be 
equal to those bit positions which are marked 
relevant by the Acceptance Mask bits 
(AM.7-AM.0). If the following equation is 
satisfied, acceptance is given: 

[(ID. 10 . . ID.3) EQUAL (AC.7 . . AG O)] or 
(AM.7 . .AM.0)= 1111 1111b 


Acceptance Code Register Bits 


ACR 

ADDRESS 4 1 

7 

6 

5 

4 

3 

2 

1 

0 

AC.7 

AC.6 

AC.5 

AC.4 

AC.3 

AC.2 

AC.1 

AC.O 


During transmission of a message which 
passes the acceptance test, the message is 
also written to its own Receive Buffer. If no 
Receive Buffer is available, Data Overrun is 
signaled because it is not known at the start 
of a message whether the CAN Controller will 
lose arbitration and so become a receiver of 
the message. 

Acceptance Mask Register (AMR) 

The Acceptance Mask Register is part of the 
acceptance filter of the CAN Controller. This 
register can be accessed (read/write) if the 
Reset Request bit is set HIGH (present). The 


Acceptance Mask Register qualifies which of 
the corresponding bits of the acceptance 
code are “relevant” or “don’t care" for 
acceptance filtering. 


Acceptance Mask Register Bits 


AMR 

ADDRESS 5 | 

7 

6 

5 

4 

3 

2 

1 

0 

AM.7 

AM.6 

AM.S 

AM .4 

AM.3 

AM.2 

AM.1 

AM.O 


Description of the Acceptance Mask 
Register Bits 


ACCEPTANCE 
MASK BIT 

VALUE 

COMMENTS 

AM.7 to AM.O 

HIGH 

(doni care) 

This bit position is 
■doni care" for the 
acceptance of a 
message. 

LOW 

(relevant) 

This bit position is 
■relevant* for 
acceptance filtering. 


Bus Timing Register 0 (BTR 0) 

The contents of Bus Timing Register 0 
defines the values of the Baud Rate 
Prescaler (BRP) and the Synchronization 
Jump Width (SJW). This register can be 
accessed (read/write) if the Reset Request bit 
is set HIGH (present). 


Bus Timing Register 0 Bits 


BTRO 

ADDRESS 6 | 

7 

6 

5 

4 

3 

2 

1 

0 

SJW.1 

SJW.0 

BRP.5 

BRP.4 

BRP.3 

BRP.2 

BRP.1 

BRP.O 


Baud Rate Prescaier (BRP) 

The period of the system clock tscL 's 
programmable and determines the individual 
bit timing. The system clock is calculated 
using the following equation: 

tscL = 2tcLK (32BRP.5 + 16BRP.4 -h 8BRP.3 -h 
4BRP.2 + 2BRP.1 -h BRP.O -hI) 

tcLK = time period of the 8XC592 oscillator. 

Synchronization Jump Width (SJW) 

To compensate for phase shifts between 
clock oscillators of different bus confrollers, 
any bus controller must resynchronize on any 
relevant signal edge of the current 


transmission. The synchronization jump width 
defines the maximum number of clock cycles 
a bit period may be shortened or lengthened 
by one resynchronization: 

tsjw = tscL (2SJW.1 + SJW.O ■¥ 1) 

Bus Timing Register 1 (BTRI) 

The contents of Bus Timing Register 1 
defines the length of the bit period, the 
location of the sample point and the number 
of samples to be taken at each sample point. 
This register can be accessed (read/write) if 
the Reset Request bit is set HIGH (present). 


Bus Timing Register 1 Bits 


BTRI 

ADDRESS 7 | 

7 

6 

5 

4 

SAM 

TSEG2.2 

TSEG2.1 

TSEG2.0 


3 

2 

1 

0 

TSEGl .3 

TSEGl .2 

TSEG1.1 

TSEGl .0 


Sampling (SAM) 


BIT 

VALUE 

COMMENTS 

SAM 

HIGH 

(3 samples) 

3 samples are taken. 

LOW 

(1 sample) 

The bus is sampled once. 


SAM = LOW is recommended for high speed 
buses (SAE class C), while SAM = HIGH is 
recommended for slow/medium speed buses 
(class A and B) where filtering of spikes on 
the bus-line is beneficial (see “Bit Timing 
Restrictions"). 

Time Segment 1 (TSEGl) and 
Time Segment 2 (TSEG2) 

TSEGl and TSEG2 determine the number of 
clock cycles per bit period and the location of 
the sample point: 

Itsegi = fscL (8TSEG1 .3 + 4TSEG1 .2 
2TSEG.1 +TSEG1.0-t-1) 

^TSEGz = I^SCL (4TSEG2.2 2TSEG2.1 -r 
TSEG2.0-I- 1) 

For further information on bus timing see Bus 
Timing Register 0 and “Bus Timing/ 
Synchronization”. 
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Output Control Register (OCR) 

The Output Control Register allows, under 
software control, the set-up of different output 
driver configurations. This register can be 
accessed (read/write) if the Reset Request bit 
is set HIGH (present). 


voltage levels on the output driver pins CTXO 
and CTX1 depend on both the driver 
characteristic programmed by OCTPx, 
OCTNx (float, pull-up, pull-down, push-pull) 
and the output polarity programmed by 
OCPOLx (see Figure 3). 


Output Control Register Bits 


OCR 

ADDRESS 8 | 

7 



r 4 

3 

OCTP1 

OCTNI 1 OCPOL1 

OCTPO 

OCTNO 


2 

^ ^ ° 1 


OCPOLO 

OCMODEI 1 

OCMODEO 


Clock Output Mode 

For the CTXO pin this is the same as in 
Normal Output Mode. However, the data 
stream to CTX1 is replaced by the transmit 
clock (TXCLK). The rising edge of the 
transmit clock (non-inverted) marks the 
beginning of a bit period. The clock pulse 
width is tscL- 


If the CAN Controller is in the sleep mode 
(Sleep = HIGH) a recessive level is output on 
the CTXO and CTX1 pins. If the CAN 
Controller is in the reset state (Reset Request 
= HIGH) the output drivers are floating. 


Normal Output Mode 

In Normal Output Mode the bit sequence 
(TXD) is sent via CTXO and CTX1 . The 



OCTPI OCTPO 


OCPOLO 

OCPOL1 

OCMODBO 

OCMODEI 

TXD 

TXCLK 



OCTNI OCTNO 


Figure 3. Configurable CAN Transmitter 


Table 7. Description of the Output Mode Bits 


scheme. During recessive bits all outputs are 
de-activated (floating). Dominant bits are sent 
alternatingly on CTXO and CTX1 , i.e., the first 
dominant bit is sent on CTXO, the second is 
sent on CTX1 , and the third one Is sent on 
CTXO again, etc. 


Test Output Mode 

For the CTXO pin this is the same as in 
Normal Output Mode. To measure the delay 
time of the transmitter and receiver this mode 
connects the output of the input comparator 
(COMP OUT) with the input of the output 
driver CTX1. This mode is used for 
production testing only. 


Bi-phase Output Mode 

In contrast to Normal Output Mode the bit 
representation is time variant and toggled. If 
the bus controllers are galvanically decoupled 
from the bus-line by a transformer, the bit 
stream is not allowed to contain a DC 
component. This is achieved by the following 


The following two tables. Table 7 and Table 8, 
show the relationship between the bits of the 
Output Control Register and the two serial 
output pins CTXO and CTX1 of the 8XC592 - 
CAN Controller, connected to the serial bus 
(see Block Diagram, page 483). 




DESCRIPTION 


Normal output Mode; CTXO, CTX1 ; bit sequence (TXD; note 1) 
Clock output Mode; CTXO: bit sequence, CTX1 : bus clock (TXCLK) 
Bi-phase output Mode 

Test output Mode; CTXO: bit sequence, CTX1 : COMP OUT 




NOTE: 

1 . TXD is the data bit to be transmitted. 
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Table 8. Output Pin Set-Up 



OCTPx 

OCTNx 

CXJPOU 

TXD 

TPx 

TNx 

CTXx 


0 

0 

0 

0 

Off 

Off 

float 


0 

0 

0 

1 

Off 

Off 

float 


0 

0 

1 

0 

Off 

Off 

float 


0 

0 

1 

1 

Off 

Off 

float 

Pull-down 

0 

1 

0 

0 

Off 

On 

LOW 


0 

1 

0 

1 

Off 

Off 

float 


0 

1 

1 

0 

Off 

Off 

float 


0 

1 

1 

1 

Off 

On 

LOW 

Pull-up 

1 

0 

0 

0 

Off 

Off 

float 


1 

0 

0 

1 

On 

Off 

HIGH 


1 

0 

1 

0 

On 

Off 

HIGH 


1 

0 

1 

1 

Off 

Off 

float 

Push/Pull 

1 

1 

0 

0 

Off 

On 

LOW 


1 

1 

0 

1 

On 

Off 

HIGH 


1 

1 

1 

0 

On 

Off 

HIGH 


1 

1 

1 

1 

Off 

On 

LOW 


NOTES: 

1 . TPx is the on-chip output transistor x, connected to Vdd; x = 0 or 1 . 

2. TNx is the on-chip output transistor x, connected to CVssi x = 0 or 1 . 

3. CTXx is the serial output level on CTXO or CTX1 . It is required that the output level on the CAN bus is dominant with TXD = 0 and recessive 
withTXD = 1. 


TRANSMIT BUFFER LAYOUT 

The global layout of the Transmit Buffer is 
shown in Figure 1 . This buffer serves to store 
a message from the CPU to be transmitted 
by the CAN Controller. It is subdivided into 
Descriptor and Data Field, the Transmit 
Buffer can be written to and read from by the 
CPU. 

DESCRIPTOR 


Descriptor Byte 1 (DSCRI) 



Identifier (ID) 

The Identifier consists of 11 bits (ID. 10 to 
ID.O) ID. 10 is the most significant bit, which is 
transmitted first on the bus during the 
arbitration process, the Identifier acts as the 


message’s name, used in a receiver for 
acceptance filtering, and also determines the 
bus access priority during the arbitration 
process. The lower the binary value of the 
Identifier, the higher the priority, this is due to 
the larger number of leading dominant bits 
during arbitration. 


Remote Transmission Request 
Bit (RTR) 

Description of the RTR Bit 


BIT 

VALUE 

COMMENTS 

RTR 

HIGH 

Remote Frame will be 


(remote) 

transmined by the CAN 
Controller. 


LOW 

Data Frame will be 


(data) 

transmitted by the CAN 
Controller. 


Data Length Code (DLC) 

The number of bytes (Data Byte Count) in the 
Data Field of a message is coded by the Data 
Length Code, at the start of a Remote Frame 
transmission, the Data Length Code is not 
considered due to the RTR bit being HIGH 
(remote). This forces the number of 


transmitted/received data bytes to be 0. 
Nevertheless, the Data Length code must be 
specified correctly to avoid bus errors, if two 
CAN-controllers start a Remote Frame 
transmission simultaneously. 

The range of the Data Byte Count is 0 to 8 
bytes and coded as follows; 

Data Byte Count = 8DLC.3 4DLC.2 + 
2DLC.1 -h DLC.O 

For reasons of compatibility, no Data Byte 
Counts other than 0,1 ,2,... and 8 should be 
used. 

Data Field 

The number of transferred data bytes is 
determined by the Data Length Code, the first 
bit transmitted is the most significant bit of 
data byte 1 at address 1 2. 


RECEIVE BUFFER LAYOUT 

The layout of the Receive Buffer and the 
individual bytes correspond to the definitions 
given for the Transmit Buffer layout, except 
that the addresses start at 20 instead of 10 
(see Figure 1). 
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Table 9. The Special Function Registers Between CPU and CAN 





MSB 







LSB 

SFR 

ADR 


7 

6 

5 

4 

3 

2 

1 

0 

CANADR 

D8h 

RW 

DMA 

reserved^ 

Auto Inc 

CANA4 

CANA3 

CANA2 

CANA1 

CANAO 

CANDAT 

DAh 

RW 

CAND7 

CAND6 

CAND5 

CAND4 

CAND3 

CAND2 

CAND1 

CANDO 

CANCON^ 

D9h 

R 

reserved^ 

reserved^ 

reserved^ 

Wake Up 
Interrupt 

Overrun 

Interrupt 

Error 

Interrupt 

Transmit 

Interrupt 

Receive 

Interrupt 



W 

RXO 

Active 

RX1 

Active 

Wake Up 
Mode 

Sleep 

Clear 

Overrun 

Release 

RxBuf 

Abort 

Transm 

Transm 

Request 

CANSTA1’2 

D8h 

R 

Bus 

Status 

Error 

Status 

Transmit 

Status 

Receive 

Status 

TxCompI 

Status 

TxBuf 

Access 

Data 

Overrun 

RxBuf 

Status 



W 

RAMA7 

RAMA6 

RAMA5 

RAMA4 

RAMA3 

RAMA2 

RAMA1 

RAMAO 


NOTES: 

1 . Do not use a RMW instruction. 

2. The bit addresses of CANSTA (7:0) are DFH . . D8H. 

3. Reserved bits are read as HIGH. 


HANDLING OF THE CPU-CAN 
INTERFACE 

Via the four spedal registers CANADR, 

CAN DAT. CANCON and CANSTA, the CPU 
has access to the CAN Controller and also to 
the DAM-logic. Note that CANCON and 
CANSTA have different meanings for a read 
and write access. 

CANADR 

The five least significant bits CANADR.4 
down to CANADR.O {CANA4 . . . CANAO) 
define the address of one of the CAN 
Controller internal registers to be accessed 
via CANDAT. For instance, after an external 
hardware (e.g., power-on) reset CANADR 
contains the value 64h. and hence the CPU 
accesses (read/write) the Acceptance Code 
register of the CAN Controller, via the Special 
Function Register CANDAT. CANADR also 
controls the auto address increment mode via 
bit CANADR.5 (Autoinc) and the DMA-logic 
via bit CANADR.7 (DMA). CANADR is 
implemented as a read/write register. 

CANDAT 

The Special Function Register CANDAT 
appears as a port to the CAN Controller’s 
internal register (memory location) being 
selected by CANADR. Reading or writing 
CANDAT is effectively an access to that CAN 
Controller internal register, which is selected 
by CANADR. CANDAT Is implemented as a 
read/write register. 

CANCON 

When reading CANCON the Interrupt 
Register of the CAN Controller is accessed, 
while writing to CANCON means an access 


to the Command Register. CANCON is 
implemented as a read/write register. 

CANSTA 

Reading CANSTA is an access to the Status 
Register of the CAN Controller. Writing to 
CANSTA sets the address of the on-chip 
Main RAM (internal data memory) for a 
subsequent DMA transfer. CANSTA is 
implemented as a bit-addressable read/write 
register. 

Auto Address Increment 

With the auto address increment mode a fast 
stack-like reading and writing of CAN 
Controller internal registers is provided. If the 
bit CANADR.5 (Autoinc) is high, the content 
of CANADR is incremented automatically 
after any read or write access to CANDAT. 

For instance, loading a message into the 
Transmit Buffer can be done by writing 2AH 
into CANADR and then moving byte by byte 
of the message to CANDAT. 

Incrementing CANADR beyond xx111111b 
resets the bit CANADR.5 (Autoinc) 
automatically (CANADR = xxOOOOOOb). 

High Speed DMA 

The DMA-logic allows to transfer a complete 
message (up to 10 bytes) between CAN 
Controller and Main RAM in 2 instruction 
cycles at maximum; up to 4 bytes are 
transferred in 1 instruction cycle. The 
performance of the CPU is strongly enhanced 
because this very fast transfer Is don in the 
background. A DMA transfer is achieved by 
first writing the RAM address (0 . . FFH) into 
CANSTA and then setting the TX- or 
RX-Buffer address in CANADR and the bit 


CANADR.7 (DMA) simultaneously; the RAM 
address points to the location of the first byte 
to be transferred. Setting the DMA bit causes 
an automatic evaluation of the Data Length 
Code and then the transfer; for a TX-DMA 
transfer the Data Length Code is expected at 
the location “RAM address + 1 ”. 

In order to program a TX-DMA transfer, the 
value 8AH (address 10) has to be written into 
CANADR. Then a complete message, 
consisting of the 2-byte Descriptor and the 
Data Field (0 ... 8 bytes), starting at location 
“RAM address” Is transferred to the 
TX-Buffer. 

The RX-DMA transfer is very versatile. By 
writing a value in the range of 94H (address 
20) up to 9DH (address 29) of CANADR the 
whole or a part of the received message, 
starting at the specified address, is 
transferred to the internal data memory. This 
allows e.g. to transfer the bytes of the Data 
Field only. 

After a successful DMA transfer the DMA- 
(and Auto Inc-) bit is reset. 

During a DMA transfer the CPU can process 
the next instruction. However, an access to 
the data memory, CANADR, CANDAT, 
CANCON or CANSTA is not allowed. After 
having set the DMA-bit, every interrupt is 
disabled until the end of the transfer. Note, 
that disadvantageous programming may lead 
to an Interrupt response time of at most 10 
instruction cycles. The shortest interrupt 
response time is achieved by using a 2-cycle 
instructions directly after setting the DMA-bit. 
During the reset state (bit Reset Request is 
HIGH) a DMA transfer is not possible. 
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SYNC.SEG 

I 


■■ PROP.SEG ► 





— I 







t 

SAMPLE POINT 


a) As defined by the CAN protocol. 



L _ J 


.‘SYNCSEG. 

<(ONE BIT PERIOD) 


- ‘TSEGI ^ 

t TSEG2 ^ 

TRANSMIT POINT 


1 

[ 



1 CLOCK CYCLE SAMPLE POINT 


(tSCL) 

a) As implemented in the 8XC592’s on-chip CAN Controller. 
Figure 4. Bit Period 


BUS TIMING / 

SYNCHRONIZATION 

The Bus Timing Logic (BTL) monitors the 
serial bus-line via the on-chip input 
comparator and performs the following 
functions; 

• Monitors the serial bus-line level 

• Adjusts the sample point, within a bit period 
(programmable) 

• Samples the bus-line level using majority 
logic (programmable, 1 or 3 samples) 

• Synchronization to the bit stream: 

- Hard synchronization at the start of a 
message 

- Resynchronization during transfer of a 
message 

The configuration of the BTL is performed 
during the initialization of the CAN Controller. 
The BTL uses the following three registers; 

• Control register (Synch) 

• Bus Timing Register 0 

• Bus Timing Register 1 

Bit Timing 

A bit period is built up from a number of 
system clock cycles (tscL) (see “Bus Timing 
Register 0"). One bit period is the result of the 
addition of the programmable segments 
TSEG1 and TSEG2 and the general segment 
SYNCSEG. 


Synchronization Segment (SYNCSEG) 

The incoming edge of a bit is expected during 
this state; this state corresponds to one 
system dock cycle (1 X tsci)- 

Time Segment 1 (TSEG1) 

This segment determines the location of the 
sampling point within a bit period, which is at 
the end of TSEG1 . TSEG1 is programmable 
from 1 to 1 6 system dock cydes. 

The correct location of the sample point is 
essential for the correct functioning of a 
transmission. The following points must be 
taken into consideration; 

• A Start-Of-Frame causes all CAN 
Controllers to perform a “hard 
synchronization" on the first recessive-to- 
dominant edge. During arbitration, 
however, several CAN Controllers may 
simultaneously transmit. Therefore it may 
require twice the sum of bus-line, input 
comparator and the output driver delay 
times until the bus is stable. This is the 
propagation delay time. 

• To avoid sampling at an incorrect position, 
it is necessary to include an additional 
synchronization buffer on both sides of the 
sample point. The main reasons for 
incorrect sampling are; 

- Incorrect synchronization due to spikes 
on the bus-line; 


- Slight variations in the oscillator 

frequency of each CAN Controller in the 
network, which results in a phase error. 

• Time Segment 1 consists of the segment 
for compensation of propagation delays 
and the synchronization buffer segment 
directly before the sample point (see 
Figure 4). 

Time Segment 2 (TSEG2) 

This time segment provides: 

• Additional time at the sample point for 
calculation of the subsequent bit levels 
(e g., arbitration); 

• Synchronization buffer segment directly 
after the sample point. 

TSEG2 is programmable from 1 to 8 system 
clock cycles. 

Synchronization Jump Width (SJW) 

SJW defines the maximum number of clock 
cycles (tsci) a period may be reduced or 
increased by one resynchronization. SJW is 
programmable from 1 to 4 system clock 
cycles. 
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Propagation Delay Time (tpRop) 

The propagation delay time is calculated by 
summing the maximum propagation delay 
times of the physical bus. the input 
comparator and the output driver. The 
resulting sum is multiplied by 2 and then 
rounded up to the nearest multiple of tscL- 

tpROP = 2 X (physical bus delay 

+ Input comparator delay 
-t- output driver delay) 

Bit Timing Restrictions 

Restrictions on the configuration of the bit 
timing are based on Internal processing. The 
restrictions are: 

• tTSEG2 ^ 2tsCL 

• tTSEG2 ^ tSJW 

• fTSEGl ^ tTSEG2 

• tTSEGI ^ tsJW + tpROP 

The three sample mode (SAM = 1) has the 
effect of Introducing a delay of one system 
dock cyde on the bus-line. This must be 
taken into account for the correct calculation 
ofTSEG! andTSEG2: 

• tjSEGl ^ tSJW + tpROP + 2tsCL 

• tTSEG2 ^ 3tsCL 

Synchronization 

Synchronization is performed by a state 
machine which compares the incoming edge 
with its actual bit timing and adapts the bit 
timing by hard synchronization or 
resynchronization. 

Hard Synchronization 

This type of synchronization occurs only at 

the beginning of a message. The CAN 


Controller synchronizes on the first incoming 
recessive-to-dominant edge of a message 
(being the leading edge of a message’s 
Start-Of-Frame bit). 

Resynchronization 

Resynchronization occurs during the 
transmission of a message’s bit stream to 
compensate for: 

• Variations in individual CAN Controller 
osdilator frequencies: 

• Changes introduced by switching from one 
transmitter to another (e.g., during 
arbitration). 

As a result of resynchronization, either tysEGi 
may be increased by up to a maximum of 
tsjw. or tjsEGz niay be decreased by up to a 
maximum of tsjw- 

• fiSEGi ^ fscL ((TSEGI + 1 ) + (SJW + 1 )] 

• fjSEGz ^ tscL [(TSEG2 + 1 ) - (SJW + 1 )] 

NOTE: TSEG1 , TSEG2 and SJW are the 
programmed numerical values. 

The phase error (e) of an edge is given by the 
position of the edge relative to SYNCSEG, 
measured in system dock cydes (tsci)- The 
value of the phase error is defined as: 

• e = 0, If the edge occurs within SYNCSEG 

• e > 0, if the edge occurs within TSEGI 

• e < 0, If the edge occurs within TSEG2. 

The effect of resynchronization is; 

• The same as that of a hard 
synchronization. If the magnitude of the 
phase error (e) is less or equal to the 
programmed value of tsjw'. 


• To Increase a bit period by the amount of 
tsJW. if fh© phase error is positive and the 
magnitude of the phase error is larger than 
tsjw: 

• To decrease a bit period by the amount of 
tsjw. if ff'® phase error is negative and the 
magnitude of the phase error is larger than 
tsjw- 

Synchronization Rules 

The synchronization rules are as follows: 

• Only one synchronization witfiin one bit 
time used. 

• An edge Is used for synchronization only if 
the value detected at the previous sample 
point differs from the bus value immediately 
after the edge. 

• Hard synchronization is performed 
whenever there is a recessive-to-dominant 
edge during Bus-Idle. 

• All other edges (recessive-to-dominant and 
optionally dominant-to-recessive edges if 
the Synch bit is set HIGH) which are 
candidates for resynchronization will be 
used with the following exception: 

- A transmitting CAN Controller will not 
perform a resynchronization as a result 
of a recessive-to-dominant edge with 
positive phase error, if only these edges 
are used for resynchronization, this 
ensures that the delay times of the 
output driver and input comparator do 
not cause a permanent increase in the 
bit time. 
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CAN-PROTOCOL DESCRIPTION 
Frame Types 

The 8XC592's CAN Controller supports the 
four different CAN protocol frame types for 
communication; 

• Data Frame, to transfer data 

• Remote Frame, request for data 

• Error Frame, globally signals a (locally) 
detected error condition 

• Overload Frame, to extend delay time of 
subsequent frames (an Overload Frame is 
not initiated by the 8XC592 CAN Controller. 

Bit Representation 

There are two logical bit representations used 
in the CAN protocol: 

• A recessive bit on the bus-line appears 
only if all connected CAN Controllers send 
a recessive bit at that moment 

• Dominant bits always overwrite recessive 
bits, I.e., the resulting bit level on the 
bus-line is dominant. 

Data Frame 

A Data Frame carries data from a 
transmitting CAN Controller to one or more 
receiving ones. A Data Fram is composed of 
seven different bit-fields; 

• Start-Of-Frame 

• Arbitration Field 

• Control Field 

• Data Field (may have a length of zero) 

• CRC Field 

• Acknowledge Field 

• End-Of-Frame 


Start-of-Frame Bit 

Signals the start of a Data Frame or Remote 
Frame. It consists of a single dominant bit 
used for hard synchronization of a CAN 
Controller in receive mode. 

Arbitration Field 

Consists of the message identifier and the 
RTR bit. In the case of simultaneous 
message transmissions by two or more CAN 
Controllers the bus access conflict is solved 
by bit-wise arbitration, which is active during 
the transmission of the Arbitration Field. 

Identifier 

This 11 -bit field is used to provide information 
about the message, as well as the bus 
access priority. It is transmitted in the order 
ID. 10 to ID.O (LSB). The situation that the 
seven most significant bits (ID.10 to 1D.4) are 
all recessive must not occur. 

An Identifier does not define which particular 
CAN Controller will receive the frame 
because a CAN-based communication 
network does not differentiate between a 
point-to-point, multicastor broadcast 
communication. 

RTR Bit 

A CAN Controller, acting as a receiver for 
certain information may initiate the 
transmission of the respective data by 
transmitting a Remote Frame to the network, 
addressing the data source via the Identifier 
and setting the RTR bit HIGH (remote; 
recessive bus level). If the data source 
simultaneously transmits a Data Frame 
containing the requested data, it uses the 
same Identifier. No bus access conflict occurs 
due to the RTR bit being set LOW (data; 
dominant bus level) in the Data Frame. 


Control Field 

This field consists of six bits. It includes two 
reserved bits (for future expansions of the 
CAN protocol), transmitted with a dominant 
bus level, and is followed by the Data Length 
Code (4 bits). The number of bytes 
(destuffed; number of data bytes to be 
transmitted/received) in the Data Field is 
indicated by the Data Length Code. 
Admissible values of the Data Length Code, 
and hence the number of bytes In ^e 
(destuffed) Data Field, are (0,1, .... 8). A logic 
0 (logic 1) in the Data Length Code is 
transmitted as dominant (recessive) bus 
level, respectively. 

Data Field 

The data, stored within the Data Field of the 
transmit buffer, are transmitted according to 
the Data Length Code. Conversely, data of a 
received Data Frame will be stored in the 
Data Field of a Receive Buffer. The Data 
Field can contain from 0 up to 8 bytes. The 
most significant bit of the first data byte 
(lowest address) is transmitted/received first. 

Cyclic Redundancy Code Field (CRC) 

The CRC Field consists of the CRC 
Sequence (15 bits) and the CRC Delimiter (1 
recessive bit). The Cyclic Redundancy Code 
(CRC) encloses the destuffed bit stream of 
the Start-of-Frame, Arbitration Field, Control 
Field, Data Field and CRC Sequence. The 
most significant bit of the CRC Sequence is 
transmitted/received first. This frame check 
sequence, implemented in the CAN 
Controller is derived from a cyclic redundancy 
code best suited for frames with a total bit 
count of less than 1 27 bits, CRC Error 
detection. With Start-of-Frame (dominant bit) 
included in the code word, any rotation of the 
code word can be detected by the absence of 
the CRC Delimiter (recessive bit). 



DATA LENGTH CODE 


INTER-FRAME SPACE 
OR OVERLOAD FRAME 


RECESSIVE LEVEL 


DOMINANT LEVEL 


Figure 5. Data Frame 
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Acknowledge Field (ACK) 

The Acknowledge Field consists of two bits, 
the Acknowledge Slot and the Acknowledge 
Delimiter, which are transmitted with a 
recessive level by the transmitter of the Data 
Frame. All CAN Controllers having received 
the matching CRC Sequence, report this by 
overwriting the transmitter’s recessive bit in 
the Acknowledge Slot with a dominant bit. 
Thereby a transmitter, still monitoring the bus 
level recognizes that at least one receiver 
within the network has received a complete 
and correct message (i.e., no error was 
found). The Acknowledge Delimiter 
(recessive bit) is the second bit of the 
Acknowledge Field. As a result, the 
Acknowledge Slot is surrounded by two 
recessive bits: the CRC Delimiter and the 
Acknowledge Delimiter. 

All nodes within a CAN network may use all 
the information coming to the network by all 
CAN Controllers (shared memory concept). 
Therefore, acknowledgement and error 
handling are defined to provide all information 
in a consistent way throughout this shared 
memory. Hence, there is no reason to 
discriminate different receivers of a message 
in the acknowledge field. If a node is 
disconnected from the network due to bus 
failure, this particular node is no longer part of 
the shared memory. To identify a “lost node” 
additional and application specific 
precautions are required. 

End-Of-Frame 

Each Data Frame or Remote Frame is 
delimited by the End-of-Frame bit sequence 
which consists of seven recessive bits 
(exceeds the bit stuff width by two bits). 

Using this method a receiver detects the end 
of a frame independent of a previous 
transmission error because the receiver 
expects all bits up to the end of the CRC 
Sequence to be coded by the method of 
bit-stuffing. The bit-stuffing logic is 
deactivated during the End-of-Frame 
sequence. 


Remote Frame 

A CAN Controller acting as a receiver for 
certain information may initiate the 
transmission of the respective data by 
transmitting a Remote Frame to the network, 
addressing the data source via the Identifier 
and setting the RTR bit HIGH (remote; 
recessive bus level). The Remote Frame is 
similar to the Data Frame with the following 
exceptions; 

• RTR bit is set HIGH 

• Data Length Code is ignored 

• No Data Field contained 

Note that the value of the Data Length Code 
should be the one of the corresponding Data 
Frame, although it is ignored for a Remote 
Frame. 

A Remote Frame is composed of six different 
bitfields; 

• Start-of-Frame 

• Arbitration Field 

• Control Field 

• CRC Field 

• Acknowledge Field 

• End-of-Frame 

Error Frame 

The Error Frame consists of two different 
fields. The first field is accomplished by the 
superimposing of Error Flags contributed 
from different CAN Controllers. 

The second field Is the Error Delimiter. 

Error Flag 

There are two forms of an Error Flag; 

• Active Error Flag, consists of six 
consecutive dominant bits 

• Passive Error Flag, consists of six 
consecutive recessive bits unless it is 
overwritten by dominant bits from other 
CAN Controllers. 

An error-active CAN Controller detecting an 
error condition signals this by transmission of 


an Active Error Flag. This Error Flag’s form 
violates the bit-stuffing rule applied to all 
fields, from Start-of-Frame to CRC Delimiter, 
or destroys the fixed form of the fields 
Acknowledge Field or End-of-Frame. 
Consequently, all other CAN Controllers 
detect an error condition and start 
transmission of an Error Flag. Therefore the 
sequence of dominant bits, which can be 
monitored on the bus, results from a 
superposition of different Error Flags 
transmitted by individual CAN Controllers. 

The total length of this sequence varies 
between six (minimum) and twelve 
(maximum) bits. 

An error-passive CAN Controller detecting an 
error condition tries to signal this by 
transmission of a Passive Error Flag. The 
error-passive CAN Controller waits for six 
consecutive bits with identical polarity, 
beginning at the start of the Passive Error 
Flag. The Passive Error Flag is complete 
when these six identical bits have been 
detected. 

Error Delimiter 

The Error Delimiter consists of eight 
recessive bits and has the same format as 
the Overload Delimiter. After transmission of 
an Error Flag, each CAN Controller monitors 
the bus-line until it detects a transition from a 
dominant-to-recessive bit level. At this point 
in time, every CAN Controller has finished 
sending its Error Flag and has additionally 
sent the first out of the 8 recessive bits of the 
Error Delimiter. Afterwards all CAN 
Controllers transmit the remaining recessive 
bits. After this event and an Intermission Field 
all error-active CAN Controllers within the 
network can start a transmission 
simultaneously. 

If a detected error is signaled during 
transmission of a Data Frame or Remote 
Frame, the current message is spoiled and a 
retransmission of the message is initiated. 
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If a CAN Controller monitors any deviation of 
the Error Frame, a new Error Frame will be 
transmitted. Several consecutive Error 
Frames may result in the CAN Controller 
becoming error-passive and leaving the 
network unblocked. 

In order to terminate an Error Flag correctly, 
an error-passive CAN Controller requires the 
bus to be Bus-Idle for at least three bit 
periods (if there is a local error at an 
error-passive-receiver). Therefore a CAN bus 
should not be permanently loaded. 

Overload Frame 

The Overload Frame consists of two fields, 
the Overload Flag and the Overload 
Delimiter. There are two conditions in the 
CAN protocol which lead to the transmission 
of an Overload Flag; 

• Condition 1 ; receiver circuitry requires 
more time to process the current data 
before receiving the next frame (receiver 
not ready) 

• Condition 2; detection of a dominant bit 
during Intermission Field. 

The transmission of an Overload Frame may 
only start; 

• Condition 1 ; during the first bit period of an 
expected Intermission Field 

• Condition 2; one bit period after detecting 
the dominant bit during Intermission Field 

The 8XC592’s on chip CAN Controller will 
never initiate transmission of a condition 
1 -Overload Frame and will only react on a 
transmitted condition 2 Overload Frame, 
according to the CAN protocol. No more than 
two Overload Frames are generated to delay 
a Data Frame or a Remote Frame. Although 
the overall from of the Overload Frame 
corresponds to that of the Error Frame, an 
Overload Frame does not initiate or require 
the retransmission of the preceding frame. 

Overload Flag 

The Overload Flag consists of six dominant 
bits and has a similar format to the Error 
Flag. 

The Overload Flag’s form corrupts the fixed 
form of the Intermission Field. All other CAN 
Controllers detecting the overload condition 
also transmit an Overload Flag (condition 2). 

Overload Delimiter 

The Overload Delimiter consists of eight 
recessive bits and takes the same form as 
the Error Delimiter. After transmission of an 
Overload Flag, each CAN Controller monitors 
the bus-line until it detects a transition from a 
dominant-to-recessive bit level. At this point 
in time, every CAN Controller has finished 
sending its Overload Flag and all CAN 


Controllers start simultaneously transmitting 
seven more recessive bits. 

Inter-Frame Space 

Data Frames and Remote Frames are 
separated from preceding frames (all types) 
by an Inter-Frame Space, consisting of an 
Intermission Field and a Bus-Idle. 
Error-passive CAN Controllers also send a 
Suspend Transmission after transmission of a 
message. Overload Frames and Error 
Frames are not preceded by an Inter-Frame 
Space. 

Intermission Field 

The Intermission Field consists of three 
recessive bits. During an Intermission period, 
no frame transmissions will be started by the 
8XC592’s on chip CAN Controller. An 
Intermission is required to have a fixed time 
period to allow a CAN Controller to execute 
internal processes prior to the next receive or 
transmit task. 

Bus-Idle 

The Bus-Idle time may be of arbitrary length 
(minimum 0 bit). The bus is recognized to be 
free and a CAN Controller having information 
to transmit may access the bus. The 
detection of a dominant bit level during 
Bus-Idle on the bus is Interpreted as the 
Start-of-Frame. 

Bus Organization 

Bus organization Is based on five basic rules 
described in the following paragraphs. 

Bus Access 

CAN Controllers only start transmission 
during the Bus-Idle state. All CAN Controllers 
synchronize on the leading edge of the 
Start-of-Frame (hard synchronization). 

Arbitration 

If two or more CAN Controllers 
simultaneously start transmitting, the bus 
access conflict is solved by a bit-wise 
arbitration process during transmission of the 
Arbitration Field. 

During arbitration every transmitting CAN 
Controller compares its transmitted bit level 
with the monitored bus level. Any CAN 
Controller which transmits a recessive bit and 
monitors a dominant bus level immediately 
becomes the receiver of the higher-priority 
message on the bus without corrupting any 
information on the bus. Each message 
contains an unique Identifier and a RTR bit 
describing the type of data within the 
message. The Identifier together with the 
RTR bit implicitly define the message’s bus 
access priority. During arbitration the most 
significant bit of the Identifier is transmitted 


first and the RTR bit last. The message with 
the lowest binary value of the Identifier and 
RTR bit has the highest priority. A Data 
Frame has higher priority than a Remote 
Frame due to its RTR bit having a dominant 
level. 

For every Data Frame there is an unique 
transmitter. For reasons of compatibility with 
other CAN-bus controllers, use of the 
Identifier bit pattern I D = 1 1 1 1 1 1 1 XXXXb (X 
being bits of arbitrary level) is forbidden. 

The number of available different Identifiers is 
2032 (2^^ - 2 % 

Coding / Decoding 

The following bit fields are coded using the 
bit-stuffing technique; 

• Start-of-Frame 

• Arbitration Field 

• Control Field 

• Data Field 

• CRC Sequence 

When a transmitting CAN Controller detects 
five consecutive bits of identical polarity to be 
transmitted, a complementary (stuff) bit is 
inserted into the transmitted bit-stream. 

When a receiving CAN Controller has 
monitored five consecutive bits with identical 
polarity in the received bit streams of the 
above described bit fields, it automatically 
deletes the next received (stuff) bit. The level 
of the deleted stuff bit has to be the 
complement of the previous bits; otherwise a 
Stuff Error will be detected and signaled. 

The remaining bit fields or frames are of fixed 
form and are not coded or decoded by the 
method of bit-stuffing. 

The bit-stream in a message is coded 
according to the Non-Return-to-Zero (NRZ) 
method, i.e., during a bit period, the bit level 
is held constant, either recessive or 
dominant. 

Error Signaling 

A CAN Controller which detects an error 
condition, transmits an Error Flag. Whenever 
a Bit Error, Stuff Error, Form Error or an 
Acknowledgement Error is detected, 
transmission of an Error Flag is started at the 
next bit. Whenever a CRC Error is detected, 
transmission of an Error Flag starts at the bit 
following the Acknowledge Delimiter, unless 
an Error Flag for another error condition has 
already started. An Error Flag violates the 
bit-stuffing or corrupts the fixed form bit fields. 
A violation of the bit-stuffing law affects any 
CAN Controller which detects the error 
condition. These devices will also transmit an 
Error Flag. 
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An error-passive CAN Controller which 
detects an error condition, transmits a 
Passive Error Flag. A Passive Error Flag is 
not able to interrupt a current message at 
different CAN Controllers but this type of 
Error Flag may be ignored (overwritten) by 
other CAN Controllers. After having detected 
an error condition, an error-passive CAN 
Controller will wait for six consecutive bits 
with identical polarity and when monitoring 
them, interpret them as an Error Flag. 

After transmission of an Error Flag, each 
CAN Controller monitors the bus-line until it 
detects a transition from a 
domlnant-to-recessive bit level. At this point 
in time, every CAN Controller has finished 
transmitting its Error Flag and all CAN 
Controllers start transmitting seven additional 
recessive bits. 

The message format of a Data Frame or 
Remote Frame is defined in such a way that 
all detectable errors can be signaled within 
the message transmission time and therefore 
it is very simple for the CAN Controllers to 
associate an Error Frame to the 
corresponding message and to initiate 
retransmission of the corrupted message. 

If a CAN Controller monitors any deviation of 
the fixed form of an Error Frame, it transmits 
a new Error Frame. 

Overload Signaling 

Some CAN Controllers (but not the one 
on-chip of the 8XC592) require to delay the 
transmission of the next Data Frame or 
Remote Frame by transmitting one or more 
Overload Frames. The transmission of an 
Overload Frame must start during the first bit 
of an expected Intermission Field. 
Transmission of Overload Frames which are 
reactions on a dominant bit during an 
expected Intermission Field, start one bit after 
this event. 

Though the format of Overload Frame and 
Error Frame are identical, they are treated 
differently. Transmission of an Overload 
Frame during Intermission Field does not 
initiate the retransmission of any previous 
Data Frame or Remote Frame. 

If a CAN Controller which transmitted an 
Overload Frame monitors any deviation of its 
fixed form, it transmits an Error Frame. 

Error Detection 

The processes described in the following 
paragraphs are Implemented in the 8XC592‘s 
on-chip CAN Controller for error detection. 

Bit Error 

A transmitting CAN Controller monitors the 
bus on a bit-by-bit basis. If the bit level 


monitored Is different from the transmitted 
one, a Bit Error is signaled. The exceptions 
being: 

• During the Arbitration Field, a recessive bit 
can be overwritten by a dominant bit. In 
this case, the CAN Controller interprets this 
as a loss of arbitration. 

• During the Acknowledge Slot, only the 
receiving CAN Controllers are able to 
recognize a Bit Error. 

Stuff Error 

The following bit fields are coded using the 
bit-stuffing technique; 

• Start-of-Frame 

• Arbitration Field 

• Control Field 

• Data Field 

• CRC Sequence 

There are two possible ways of generating a 
Stuff Error: 

• A disturbance generates more than the 
allowed five consecutive bits with identical 
polarity. These errors are detected by all 
CAN Controllers. 

• A disturbance falsifies one or more of the 
five bits preceding the stuff bit. This error 
situation is not recognized as a Stuff Error 
by the receivers. Therefore, other error 
detection processes may detect this error 
condition such as: CRC check, format 
violation at the receiving CAN Controllers 
or Bit Error detection by the transmitting 
CAN Controller. 

CRC Error 

To ensure the validity of a transmitted 
message all receivers perform a CRC check. 
Therefore, in addition to the (destuffed) 
information digits (Start-of-Frame up to Data 
Field), every message includes some control 
digits (CRC Sequence; generated by the 
transmitting CAN Controller of the respective 
message) used for error detection. 

The code used by all CAN Controllers is a 
(shortened) BCH code, extended by a parity 
check and has the following attributes: 

• 1 27 bits as maximum length of the code 

• 1 1 2 bits as maximum number of 
information digits (maximum 83 bits are 
used by the CAN Controller) 

• Length of the CRC Sequence amounts to 
1 5 bits 

• Hamming distance d=6. 

As a result, (d-1 ) random errors are 
detectable (some exceptions exist). 

The CRC Sequence is determined 
(calculated) by the following procedure. 


1 . The destuffed bit stream consisting of 
Start-of-Frame up to the Data Field (if 
present) Is interpreted as polynomial with 
coefficients 0 or 1 . 

2. This polynomial is divided (modulo-2) by 
the following generator polynomial, which 
includes a parity check; 

f(X) = (X^^ + X9 + X® + X® + X5 + X^ + X2 
X -(- 1) (X 1) = 1100010110011001b. 

3. The remainder of this polynomial division 
is the CRC sequence. 

Burst errors are detected up to a length of 15 
[degree of f(X)l. Multiple errors (number of 
disturbed bits at least d=6) are not detected 
with a residual error probability of 
2-1® (==3-10-®) by CRC check only. 

Form Error 

Form Errors result from violations of the fixed 
form of the following bit fields: 

• CRC Delimiter 

• Acknowledge Delimiter 

• End-of-Frame 

• Error Delimiter 

• Overload Delimiter 

During the transmission of these bit fields an 
error condition is recognized if a dominant bit 
level instead of a recessive one is detected. 

Acknowledgement Error 
This is detected by a transmitter whenever it 
does not monitor a dominant bit during the 
Acknowledge Slot. 

Error Detection by an Error Flag of 
another CAN Controller 

The detection of an error is signaled by 
transmitting an Error Flag. An Active Error 
Flag causes a Stuff Error, a Bit Error or a 
Form Error at all other CAN Controllers. 

Error Detection Capabilities 
Errors which occur at all CAN Controllers 
(global errors) are 100% detected. For local 
errors, i.e., for errors occurring at some CAN 
Controllers only, the shortened BCH code, 
extended by a parity check, has the following 
error detection capabilities: 

• Up to five single Bit Errors are 100% 
detected, even if they are distributed 
randomly within the code 

• All single Bit Errors are detected if their 
total number (within the code) is odd 

• The residual error probability of the CRC 
check amounts to 3- 10"®. 
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Error Confinement (definitions) 

Bus-Off 

A CAN Controller which has too many 
unsuccessful transmissions, relative to the 
number of successful transmissions, will 
enter the Bus-Off state. It remains in this 
state, neither receiving nor transmitting 
messages until the Reset Request bit is set 
LOW (absent) and both Error Counters set 
to 0. 

Acknowledge (ACK) 

A CAN Controller which has received a valid 
message correctly, indicates this to the 
transmitter by transmitting a dominant bit 
level on the bus during the Acknowledge Slot, 
independent of accepting or rejecting the 
message. 

Error-Active 

An error-active CAN Controller in its normal 
operating state is able to receive and to 
transmit normally and also to transmit an 
Active Error Flag. 

Error-Passive 

An error-passive CAN Controller may 
transmit or receive messages normally. In the 
case of a detected error condition it transmits 
a Passive Error Flag instead of an Active 
Error Flag. 

Hence the influence on bus activities by an 
error-active CAN Controller (e.g., due to a 
malfunction) is reduced. 

Suspend Transmission 
After an error-passive CAN Controller has 
transmitted a message, it sends eight 
recessive bits after the Intermission Field and 
then checks for Bus-Idle. If during Suspend 
Transmission another CAN Controller starts 
transmitting a message the suspended CAN 


Controller will become the receiver of this 
message; otherwise being in Bus-Idle it may 
start to transmit a further message. 

Start-Up 

A CAN Controller which either was switched 
off or is in the Bus-Off state, must run a 
Start-Up routine in order to: 

• Synchronize with other available CAN 
Controllers before starting to transmit. 
Synchronization is achieved, when 11 
recessive bits, equivalent to Acknowledge 
Delimiter, End-of-Frame and Intermission 
Field, have been detected (Bus-Free). 

• Wait for other CAN Controllers without 
passing into the Bus-Off state (due to a 
missing acknowledge), if there is no other 
CAN Controller currently available. 

Aims of Error Confinement 

Distinction of Short and Long Lasting 
Disturbances 

The CPU must be informed when there are 
long-lasting disturbances and when bus 
activities have returned to normal operation. 

During long-lasting disturbances, a CAN 
Controller enters the Bus-Off state and the 
CPU may use default values. 

Minor disturbances of bus activities will not 
affect a CAN Controller. In particular, a CAN 
Controller does not enter the Bus-Off state or 
inform the CPU of a short-lasting bus 
disturbance. 

Detection and Localization of Hardware 
Disturbance and Defects 
The rules for error confinement are defined 
by the CAN protocol specification (and 
implemented In the 8XC592’s on-chip CAN 
Controller), in such a way that the CAN 
Controller, being nearest to the error-locus, 


reacts with a high probability the quickest 
(i.e., becomes error-passive or Bus-Off). 
Hence errors can be localized and their 
influence on normal bus activities is 
minimized. 

Error Confinement 

All CAN Controllers contain a Transmit Error 
Counter and a Receive Error Counter, which 
registers errors during the transmission and 
the reception of messages, respectively. 

If a message is transmitted or received 
correctly, the count is decreased. In the event 
of an error, the count is increased. The Error 
Counters have an non-proportional method of 
counting: an error causes a larger counter 
increase than a correctly transmitted/received 
message causes the count to decrease. Over 
a period of time this may result in an increase 
in error counts, even if there are fewer 
corrupted messages than uncorrupted ones. 
The level of the Error Counters reflect the 
relative frequency of disturbances. The ratio 
of increase/decrease depends on the 
acceptable ration of invalid/valid messages 
on the bus and is hardware implemented to 
eight. 

If one of the Error Counters exceeds the 
Warning Limit of 96 error points, indicating a 
significant accumulation of error conditions, 
this is signaled by the CAN Controller (Error 
Status, Error Interrupt). 

A CAN Controller operates in the error-active 
mode until it exceeds 1 27 error points on one 
of its Error Counters. At this point it will enter 
the error-passive state. 

A transmit error which exceeds 255 error 
points results in the CAN Controller entering 
the Bus-Off state. 
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INTERRUPT SYSTEM 

External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronously to the execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution a multiple-source, 
two-priorlty-level, nested Interrupt system is 
provided, interrupt response latency is from 
2.25ps to 7.5|Jis when using a 16MHz crystal. 
The latency time depends on the sequence of 
instructions executed directly after an 
interrupt request. During a CAN-DMA transfer 
the interrupt system is disabled. The 8XC592 
acknowledges interrupt requests from fifteen 
sources as follows: 

• INTO and INTI: externally via pins 27 and 
28 respectively 

• Timer 0 and Timer 1 : from the two internal 
counters 

• Timer T2 (8 separate interrupts): 4 capture 
interrupts, 3 compare Interrupts and an 
overflow interrupt 

• ADC end-of-conversion interrupt 

• CAN Controller interrupt 

• UART serial I/O port interrupt. 

Interrupt Enable Registers 

lENO (ASH) 

7 6 5 4 3 21 0 

I EA I EAD I ESI I ESQ | ET1 | EX1 | ETO | EX^ 

Bit Symbol Function 

IEN0.7 EA General enable/disable 
control 

0 = No interrupt is 

enabled 

1 = Any individually 

enabled interrupt will 
be accepted 


IEN0.6 

EAD 

Enable ADC interrupt 

IEN0.5 

ESI 

Enable SI01 (CAN) interrupt 

IEN0.4 

ESO 

Enable SlOO (UART) 
interrupt 

IEN0.3 

ET1 

Enable Timer 1 interrupt 

IEN0.2 

EX1 

Enable External 1 interrupt 

IEN0.1 

ETO 

Enable Timer 0 interrupt 

lENO.O 

EXO 

Enable External 0 interrupt 


lENl (ESH) IP1 (F8H) 


7 

6 5 

4 3 2 1 0 

7 

6 5 

4 3 2 1 0 

1 ET2 |eCM2|eCM1 

1 |eCMo| ECT3 1 ECT2 1 ECT1 | ECTO | 


PCM2|PCM1 

1 1 PCMo| PCT3 1 PCT2 | PCT1 | PCTO | 

Bit Symbol 

Function 

Bit 

Symbol 

Function 

IEN1.7 

ET2 

Enable T2 overflow 

IP1.7 

PT2 

T2 overflow interrupt(s) 



interrupt(s) 



priority level 

IEN1.6 

ECM2 

Enable T2 comparator 2 

IP1.6 

PCM2 

T2 comparator 2 priority 



interrupt 



interrupt level 

IEN1.5 

ECM1 

Enable T2 comparator 1 

IP1.5 

PCM1 

T2 comparator 1 priority 



interrupt 



interrupt level 

IEN1.4 

ECMO 

Enable T2 comparator 0 

IP1.4 

PCMO 

T2 comparator 0 priority 



interrupt 



interrupt level 

IEN1.3 

ECT3 

Enable T2 capture register 3 

IP1.3 

PCT3 

T2 capture register 3 priority 



interrupt 



interrupt level 

IEN1.2 

ECT2 

Enable T2 capture register 2 

IP1.2 

PCT2 

T2 capture register 2 priority 



interrupt 



interrupt level 

IEN1.1 

ECT1 

Enable T2 capture register 1 

IP1.1 

PCT1 

T2 capture register 1 priority 



interrupt 



interrupt level 

IEN1.0 

ECTO 

Enable T2 capture register 0 

IP1.0 

PCTO 

T2 capture register 0 priority 



interrupt 



interrupt level 


Where: 0 = interrupt disabled. 
1 = interrupt enabled. 


Where: 0 = interrupt disabled. 
1 = interrupt enabled. 


IPO (B8H) 


7 

6 5 

4 3 2 1 0 

CZI 

PAD 1 PS1 

1 PSO 1 PT1 1 PX1 1 PTO 1 PXO 1 

Bit 

Symbol 

Function 

IP0.7 

- 

Unused 

IP0.6 

PAD 

ADC interrupt priority level 

IP0.5 

PS1 

SI01 (CAN) interrupt priority 
level 

IP0.4 

PSO 

SlOO (UART) interrupt 
priority level 

IP0.3 

PT1 

Timer 1 interrupt priority 
level 

IP0.2 

PX1 

External interrupt 1 priority 
level 

IP0.1 

PTO 

Timer 0 interrupt priority 
level 

IPO.O 

PXO 

External interrupt 0 priority 
level 


Table 1 0 shows the interrupt vectors. The 
vector Indicates the Program memory 
location where the appropriate interrupt 
service routine starts. 


Table 10. Interrupt Vectors 


SOURCE 

VECTOR 

External 0 

XO 

0003H 

Timer 0 overflow 

TO 

OOOBH 

External 1 

XI 

0013H 

Timer 1 overflow 

T1 

001BH 

Serial 1/00 (UART) 

SO 

0023H 

Serial I/0 1 (CAN) 

SI 

002BH 

T2 capture 0 

CTO 

0033H 

T2 capture 1 

CT1 

003BH 

T2 capture 2 

CT2 

0043H 

T2 capture 3 

CT3 

004BH 

ADC completion 

ADC 

0053H 

T2 compare 0 

CMO 

005BH 

T2 compare 1 

CM1 

0063H 

T2 compare 2 

CM2 

006BH 

T2 overflow 

T2 

0073H 


Interrupt Priority 

Each interrupt source can be iether high 
priority or low priority. If both priorities are 
requested simultaneously, the processor will 
branch to the highy priority vector. If there are 
simultaneous requests from sources of the 
same priority, then interrupts will be serviced 
in the following order; XO, SI, ADC, TO, CTO, 
CMO, X1. CT1, CM1, T1, CT2, CM2. SO, 

CT3, T2. 

A low priority interrupt routine can only be 
interrupted by a high priority interrupt. A high 
priority interrupt routine cannot be interupted. 


November 25, 1992 


503 






Philips Semiconductors Microcontroller Products 


Preliminary specification 


Single-chip 8-bit microcontroller with CAN controller 


80C592/83C592/87C592 


Table 11. Status of External Pins During Sleep, Idle and Power-Down Modes 


MODE 

PROGRAM 

MEMORY 

ALE 

P5ER 

PORTO 

PORT1 

PORT 2 

PORT 3 

PORT 4 

PWMO/ 

PWM1 

Idle 

Internal 

1 

1 

Port Data 

Port Data 

Port Data 

Port Data 

Port Data 

High 

Idle 

External 

1 

1 

Float 

Port Data 

Address 

Port Data 

Port Data 

High 

Power-down 

Internal 

0 

0 

Port Data 

Port Data 

Port Data 

Port Data 

Port Data 

High 

Power-down 

External 

0 

0 

Float 

Port Data 

Port Data 

Port Data 

Port Data 

High 


NOTE: 

If the port pins P1 .6 and P1 .7 are used as the CAN transmitter outputs (CTXO and CTX1), then during Sleep and Power-down mode these pins 
output a “recessive” level. 


POWER REDUCTION MODES 

The 8XC592 has three software-selectable 
modes to reduce power consumption. These 
are: 

• Sleep mode, affecting the CAN Controller 
only 

• Idle mode, affecting the 

- CPU (halted) 

- Timer 2 (stopped and reset) 

- PWMO, PWM1 (reset, output = HIGH) 

- ADC (aborted if in progress) 

• Power-down mode, affecting the whole 
8XC592 device. 

CAN Sleep Mode 

In order to reduce power consumption of the 
P8XC592 the CAN Controller may be 
switched off (disconnecting the internal clock) 
by setting the CAN Command Register bit 4 
(Sleep) HIGH. The CAN Controller leaves 
this Sleep mode by detecting either activity 
on the CAN-bus (dominant bit-level on 
CRX0/CXR1 ) or by setting the Sleep bit to 
LOW. 

As the CPU cannot only write to the Sleep bit, 
but can also read it, the CAN Controller 
status can be determined directly. 

Idle Mode 

The instruction that sets PCON.O is the last 
one executed in the normal operating mode 
before Idle mode is activated. Once in the 
Idle mode, the CPU status is preserved in its 
entirety; the Stack Pointer, Program Counter, 
Program Status Word. Accumulator, RAM 
and all other registers maintain their data 
during Idle mode. The status of the external 
pins during Idle mode is show in Table 1 2. 

There are three ways to terminate the Idle 
mode; 

Activation of any enabled interrupt will cause 
PCON.O to be cleared by hardware, provided 
that the interrupt source is active during Idle 


mode. After the interrupt is serviced, the 
program continues with the instruction 
immediately after the one, at which the 
interrupt request was detected. 

The flag bits GFO and GF1 may be used to 
determine whether the interrupt was received 
during normal execution or during the Idle 
mode. For example, the instruction that writes 
to PCON.O can also set or clear one or both 
flag bits. When Idle mode is terminated by an 
interrupt, the service routine can examine the 
status of the flag bits. 

Another way of terminating the Idle mode is 
an external hardware reset. Since the 
oscillator is still running, the reset signal is 
required to be active only for 2 machine 
cycles (24 oscillator periods) to complete the 
reset operation. 

The third way is the internally generated 
watchdog reset after an overflow of Timer 3. 

Power-down Mode 

The instruction that sets PCON.1 to HIGH. Is 
the last one executed before entering the 
Power-down mode. In Power-down mode the 
oscillator of the P8XC592 is stopped. If the 
CAN Controller is in use, it is recommended 
to set it into Sleep mode before entering 
Power-down mode. However, setting 
PCON.1 to HIGH also sets the Sleep bit 
(CAN Controller Command Register bit 4) to 
HIGH. 

The P8XC592 leaves Power-down mode 
either by a hardware reset or by a CAN 
Wake-up interrupt (due to activity on the CAN 
bus), if the SI01 (CAN) interrupt source is 
enabled (contents of register lENO = 

1 x1 xxxxxb). A hardware reset affects the 
whole P8XC592. but leaves the contents of 
the on-chip RAM unchanged (CAN Controller 
and CPU’s Special Function Registers are 
reset). A CAN Wake-up interrupt during 
Power-down mode causes a reset output 


pulse with a width of 61 44 machine cycles 
(4.6ms with fcLK=16MHz). All hardware 
except from the CAN Controller of the 
P8XC592 is reset (the contents of all CAN 
Controller registers are preserved). 

Note that a capacitance connected to the 
RST pin could lengthen the internally 
generated reset pulse. If the pulse exceeds 
8192 machine cycles, the CAN Controller 
part is reset too. 


RESET 

A reset is accomplished by holding the RST 
pin HIGH for at least two machine cycles (24 
oscillator periods). The CPU responds by 
executing an internal reset. During reset ALE 
and PSEN output at a HIGH level. In order to 
perform a correct reset, this level must not be 
affected by external elements. 

Also with the P8XC592, the RST line can be 
pulled HIGH internally by a pull-up transistor 
activated by the watchdog timer T3. The 
length of the output pulse from T3 is 3 
machine cycles. A pulse of such short 
duration is necessary in order to recover from 
a processor or system fault as fast as 
possible. 

During Power-down a reset could be 
generated internally via the CAN Wake-up 
interrupt. Then the RST pin is pulled HIGH for 
6144 machine cycles. In this case the CAN 
Controller is not reset. 

If the watchdog timer or the CAN Wake-up 
interrupt is used to reset external devices, the 
usual capacitor arrangement for power-on 
reset should not be used. However, the 
internal reset is forced, independent of the 
external level on the RST pin. 

The Main RAM and AuxRAM are not 
affected. When VDD is turned on, the RAM 
content is indeterminate. 
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Table 12. 

After a reset the internal registers have the following contents: 


(CPU PART) 

REGISTER 

7 

6 

5 

4 

3 

2 

1 

0 


ACC 

0 

0 

0 

0 

0 

0 

0 

0 


ADCO 

X 

X 

0 

0 

0 

0 

0 

0 


ADCH 

X 

X 

X 

X 

X 

X 

X 

X 


B 

0 

0 

0 

0 

0 

0 

0 

0 


CML0-CML2 

0 

0 

0 

0 

0 

0 

0 

0 


CMH0-CMH2 

0 

0 

0 

0 

0 

0 

0 

0 


CTCON 

0 

0 

0 

0 

0 

0 

0 

0 


CTL0-CTL3 

X 

X 

X 

X 

X 

X 

X 

X 


CTHO - CTH3 

X 

X 

X 

X 

X 

X 

X 

X 


DPI 

0 

0 

0 

0 

0 

0 

0 

0 


DPH 

0 

0 

0 

0 

0 

0 

0 

0 


lENO 

0 

0 

0 

0 

0 

0 

0 

0 


IEN1 

0 

0 

0 

0 

0 

0 

0 

0 


IPO 

X 

0 

0 

0 

0 

0 

0 

0 


IP1 

0 

0 

0 

0 

0 

0 

0 

0 


PCH 

0 

0 

0 

0 

0 

0 

0 

0 


PCL 

0 

0 

0 

0 

0 

0 

0 

0 


PCON 

0 

X 

X 

0 

0 

0 

0 

0 


PSW 

0 

0 

0 

0 

0 

0 

0 

0 


PWMO 

0 

0 

0 

0 

0 

0 

0 

0 


PWM1 

0 

0 

0 

0 

0 

0 

0 

0 


PWMP 

0 

0 

0 

0 

0 

0 

0 

0 


P0-P4 

1 

1 

1 

1 

1 

1 

1 

1 


P5 

X 

X 

X 

X 

X 

X 

X 

X 


RTE 

0 

0 

0 

0 

0 

0 

0 

0 


SOBUF 

X 

X 

X 

X 

X 

X 

X 

X 


SOCON 

0 

0 

0 

0 

0 

0 

0 

0 


CANSTA 

0 

0 

0 

0 

1 

1 

0 

0 


CANCON 

X 

X 

X 

0 

0 

0 

0 

0 


CANDAT 

X 

X 

X 

X 

X 

X 

X 

X 


CAN ADR 

0 

X 

1 

0 

0 

1 

0 

0 


SP 

0 

0 

0 

0 

0 

1 

1 

1 


STE 

1 

1 

0 

0 

0 

0 

0 

0 


TCON 

0 

0 

0 

0 

0 

0 

0 

0 


THO, TH1 

0 

0 

0 

0 

0 

0 

0 

0 


TMH2 

0 

0 

0 

0 

0 

0 

0 

0 


TLO, TL1 

0 

0 

0 

0 

0 

0 

0 

0 


TML2 

0 

0 

0 

0 

0 

0 

0 

0 


TMOD 

0 

0 

0 

0 

0 

0 

0 

0 


TM2CON 

0 

0 

0 

0 

0 

0 

0 

0 


TM2IR 

0 

0 

0 

0 

0 

0 

0 

0 


T3 

0 

0 

0 

0 

0 

0 

0 

0 

(CAN PART) 

REGISTER 

7 

6 

5 

4 

3 

2 

1 

0 


CR 

0 

X 

1 

X 

X 

~ 

X 

1 


CMR 

1 

1 

X 

0 

X 

X 

X 

X 


SR 

0 

0 

0 

0 

1 

1 

0 

0 


IR 

X 

X 

X 

0 

0 

0 

0 

0 


ACR 

X 

X 

X 

X 

X 

X 

X 

X 


AMR 

X 

X 

X 

X 

X 

X 

X 

X 


BTRO 

X 

X 

X 

X 

X 

X 

X 

X 


BTR 1 

X 

X 

X 

X 

X 

X 

X 

X 


OCR 

X 

X 

X 

X 

X 

X 

X 

X 


TR 

X 

X 

X 

X 

X 

X 

X 

X 


TXB 10-19 

X 

X 

X 

X 

X 

X 

X 

X 


RXB 20 - 29 

X 

X 

X 

X 

X 

X 

X 

X 


NOTE: 

X = Undefined State 
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ABSOLUTE MAXIMUM RATINGS^' ^ 


PARAMETER 

RATING 

UNIT 

MIN 

MAX 

Storage temperature range 

-65 

+150 

®C 

Voltage on EAA/pp to Vss 

-0.5 

+13 

V 

Power dissipation (based on package heat transfer limitations, not device power con- 
sumption) 

1.0 

w 

Voltage on Vqd pin 

-0.5 

+6.5 

V 

Input voltage on any pin except from CTXO, CTX1 , CRXO and CRX1 

-0.5 

Vdd+0.5 

V 

Input output current on any I/O pin except fro CTXO and CTX1 

- 

10 

mA 

Sink current of CTXO, CTX1 together 

- 

30 

mA 

Source current of CTXO, CTX1 together 


20 

mA 


NOTES; 


1 . Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 
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DC ELECTRICAL CHARACTERISTICS 

Tamb = to -i-85°C (83C592FFA, 87C592EFA), Tamb =^0°C to +^25°C (83C592FHA); Vdd. AVdd = 5V ±10%. Vss, AVss = OV 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

LIMITS 

UNIT 

MIN 

TYPICAL 

MAX 

Q 

Q 

> 

Supply voltage 


4.5 


5.5 

V 

Idd 

•id 

•is 

IpD 

IPD 

Supply current: 
operating 

Idle mode 

Idle and Sleep mode 

Power-down mode (83C592 FHA) 

Power-down mode (8XC592 xFx) 

fcLK = 16MHz 
fcLK - 16MHz 
fcLK = 16MHz 
Note 4 

Note 4 

“ 


50 

15 

10 

150 

100 

mA 

mA 

mA 

ma 

pA 

Inputs 

V|L 

Input low voltage, except EA, CRXO, CRX1 


-0.5 


0.2Vdd-0.1 

V 

V|L1 

Input low voltage to EA 


-0.5 


0.2Vdd-0.3 

V 

V|H 

Input high voltage, 

except XTAL1, RST, CRXO, CRX1 


0.2Vdd+0.9 


Vdd+0.5 

V 

VlH1 

Input high voltage, XTAL1 , RST 


0.7Vdd 



V 

B^HI 

Input current Low, ports 1 , 2, 3, 4 

V|N = 0.45V 



-50 

pA 


High-to-Low transition current, ports 1 , 2, 3, 4 

V| = 2.0V/0.45V 



-650 

pA 

±I|L1 

Input leakage current, port 0, EA, STADC, EW 

0.45V<V|<Vdd 



10 

pA 


Input leakage current, port 5 

0.45V<V|<Vqd 



1 

pA 

Outputs 1 

VoL 

Output low voltage, ports 1 , 2, 3, 4, 
except PI. 6, Pl.T^-® 

loL = 1-6mA2 



0.45 

D 

V0L1 

Output low voltage, port 0, ALE, PSEN, PWMO, 

PWMT, PI. 6, P1.7S*® 

loL = 3.2mA2 



0.45 

D 

VOH 

Output high voltage, ports 1 , 2, 3, 4 

— Iqh = 60|jA 
-Iqh = 25)j,A 
-Iqh = 1 0pA 

2.4 

0.75Vdd 

0.9Vdd 


n 

H 

Vqhi 

Output high voltage {portO in external bus mode, ALE, 
PSER, PWMO, PWM1)3 

-Iqh = 400|iA 
-Iqh = 150|iA 
-loH = 40pA 

2.4 

0.75Vdd 

0.9Vdd 


Hill 

V 

V 

V 


High level output voltage (RST) 

-loH = 400iiA 
-Iqh = 1 20}iA 

2.4 

0.8Vdd 




Rrst 

Internal reset pull-down resistor 


50 


150 


C|0 

I/O buffer pin capacitance 

Test freq = 1 MHz, 
Tamb = 25°C 



10 
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DC ELECTRICAL CHARACTERISTICS (Continued) 

Tamb = -40°C to -r85°C {83C592FFA. 87C592EFA). Tamb = -40®C to +125°C (83C592FHA); Vdd. AVqd = 5V±10%. Vss, AVss = OV 




TEST 

LIMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYPICAL 

MAX 

UNIT 

Analog Inputs | 

AVdd 

Analog supply voltage^ 


4.5 


5.5 

V 

AIdd 

Analog supply current: 

Operating 

Port 5 = AVdd 



M 

mA 


Idle mode 





mA 

Alls 

Idle and sleep mode 83C592FHA 







8XC592xFx 




mm 


AlpD 

Power-down mode 83C592FHA 




400 



8XC592xFx 




350 

IQII 


Analog input voltage 


AVss-0.2 


AVdd+0.2 

■■ 


Reference voltage; 

AVref- 


AVss-O.2 



V 


AVref. 




AVdd+0.2 

V 

SHI 

Resistance between AVref+ and AVref- 


10 


50 

kH 

ClA 

Analog input capacitance 




15 

PF 

Uds 

Sampling time 




8tcY 

ps 

Udc 

Conversion time (including sampling time) 




50tcY 

ps 

DU 

Differential non-linearity®- 




±1 

LSB 

lU 

Integral non-linearity®- 




±2 

LSB 


Offset error®- 




±2 

LSB 


Gain error®- 




±0.4 

% 


Absolute Voltage Error®- 




±3 

LSB 

Mctc 

Channel to channel matching 




±1 

LSB 

Ct 

Crosstalk between Port 5 inputs® 

O-IOOkHz 



-60 

dB 

CAN 


CAN input comparator (CRXO, CRX1) 

AVdd = 5V±5% 
1.4V<V,<AVdd-1.4V 





±Vdif 

Differential input voltage^® 


32 


- 

mV 

Vhyst 

Hysteresis voltage^® 


8 


30 

mV 

±l| 

Input current 


- 


400 

nA 


CAN output driver 

Vdd = 5V±5% 





Volt 

CTXO, CTX1, output voltage LOW 

io= 1.2mAi® 

_ 


0.1 

V 



Iq = 10mA 

- 


0.6 

V 

VoHT 

CTXO, CTX1 , output voltage HIGH 

lo= 1.2mAi® 

Vdd — 0.1 


_ 

V 



lo = -10mAi® 

Vdd-0.6 


- 

V 
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DC ELECTRICAL CHARACTERISTICS (Continued) 

Tamb = -40°C to +85^C (83C592FFA, 87C592EFA). Tamb = -40*"C to -r1 25°C (83C592FHA): Vop. AVpD = 5V ±1 0%, Vss. AVss = OV 




TEST 

UMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYPICAL 

MAX 

UNIT 

Reference | 


Reference 

AVdd = 5V ± 5% 





Vrefout 

REF output voltage^ ^ 

(bit Reference Active = HIGH) 

-O.1mA<lL<0.1mA; 
Cl= lOnF 

AVdd/2-0.05 


AVdd/2-f0.05 

V 

±Irefin 

REF input current 

(bit Reference Active = LOW) 

1 .5V<Vrefin< 

AVdd-1.5V 

- 


10 

pA 


NOTES TO THE DC ECLECTRICAL CHARACTERISTICS: 

1. The operating current is measured with all output pins unloaded; XTAL1 is driven with tR = tp = 10ns; V|l = Vss + 0.5V; V|h = Vpp - 0-5V; 
EA = RST = Port 0 = P 1 .6 = PI .7 = EW = Vpp; STADC = Vss: CRXO = 2.7V; CRX1 = 2.3V. 

2. The idle mode supply current is measured with all output pins unloaded; XTAL1 is driven with tR = tp = 10ns; V|l = Vss + 0.5V; 

V|H = Vpp - 0.5V; Port 0 = PI .6 = P1 .7 = EW = Vpp; EA = RST = STADC = Vss; CRXO = 2.7V; CRX1 = 2.3V. 

3. The idle and sleep mode supply current i s me asured with all output pins unloaded; XTAL1 is driven with tp = tp = 10ns; Vil = Vss + 0.5V; 

V|H = Vpp - 0.5V; Port 0 = PI .6 = PI .7 = EW = CRXO = Vpp; EA = RST = STADC = CRX1 = Vss: CAN: register 6: = OOH, register 7: = 1 2H, 
register 8: = 02H. register 0: = 20H, wait 15tcY. register 1 : = 10H, wait for bit Sleep = 1 . 

4. The po wer-down current Is measured with all output pins unloaded; Port 0 = PI .6 = PI .7 = EW = CRXO = Vpp; 

XTAL1 = EA = RST = STADC = CRX1 = Vss- Windowed devices must have the window covered during testing. 

5. Under steady state (non-transient) conditions, Iql must be limited externally as follows: 

Maximum Iql per 8 bit port 

- Port 0: 26mA 

- Port 1 : 32mA 

- Ports 2. 3, and 4: 1 5mA 

Maximum Iql for all output pins: 71mA 

If Iql exceeds the test condition, Vql may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 

6. Capacitive loads on PortO and Port2 may degrade the LOW level output voltage of ALE, Port1 and Port2. During a 1-to-O transition on the 

Porto and Port2 pins and a capacitive load > lOOpF, the ALE LOW level may exceed 0.8V In that case, it is necessary to connect ALE to a 
Schmitt trigger input respectively use an address latch with a Schmitt trigger STROBE input. 

7. Capacitive loads on PortO and Port2 may cause a HIGH level output voltage degradation of ALE and PSEN below 0.9 Vqp during the 
address bits are stabilizing. 

8. AVref+ = 5.1 2V: AVref- = OV; AVpp = 5.0V. 

9. The differential non-linearity (DLq) is the difference between the actual step width and the ideal step width. 

10. The ADC is monotonic, there are no missing codes. 

11 . The integral non-linearity (ILq) is the peak difference between tfie center of the steps of the actual and the ideal transfer curve after 
appropriate adjustment of gain and offset error. 

12. The offset error (OSq) is the absolute difference between the straight line which fits the actual transfer curve after remiving gain error, and a 
straight line which fits the ideal transfer curve. The offset error is constant at every point of the actual transfer curve. 

13. The gain error (Gq) is the relative difference in percent between the straight line fitting the actual transfer curve after removing offset error 
and the straight line which fits the ideal transfer curve. The gain error is constant at every point on the transfer curve. 

14. The absolute voltage error (Ag) is the maximum difference between the center of the steps of the actual transfer curve of the not calibrated 
ADC and the ideal transfer curve. 

15. Not tested during production. 

16. Source current for the CTXO, CTX1 outputs together. 
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AC ELECTRICAL CHARACTERISTICS 

Tamb = -40°C to +85°C, Vdd, AVdd = 5V ±10%, Vss, AVgs = OV 


SYMBOL 

FIGURE 

PARAMETER 

VARIABLE CLCX^K 

UNIT 

MIN 

MAX 

l/tCLK 

7 

Oscillator frequency 

1.2 

16 

MHz 

tLHLL 

7 

ALE pulse width 

2tcLK-40 


ns 

tAVLL 

.. 7 

Address valid to ALE low 

tcLK-55 


ns 

tLLAX 

7 

Address hold after ALE low 

fcLK-35 


ns 

tlLIV 

7 

ALE low to valid instruction in 


4tcLK“100 

ns 

tLLPL 

7 

ALE low to PSEN low 



ns 

tpLPH 

7 

PSEN pulse width 

3tcLic-45 


ns 

tpLlV 

7 

PSEN low to valid instruction in 


3tcLK~1 35 

ns 

tpxix 

7 

Input instruction hold after PSEN 

0 


ns 

tpxiz 

7 

Input instruction float after PSEN 


tcLK-25 

ns 

tAVIV 

7 

Address to valid instruction in 


5tcLK-105 

ns 

tpLAZ 

7 

PSEN low to address float 


10 

ns 

1 Data Memory | 

tAVLL 

8,9 

Address valid to ALE low 

tcLK-55 


ns 

tRLRH 

8,9 

FJTJ pulse width 

8tcLK~100 


ns 

tWLWH 

8.9 

WR pulse width 

■BSI^H 


ns 

tRLDV 

8.9 

RD low to valid data in 


5tcLK“185 

ns 

tRHDX 

8,9 

Data hold after RO 

0 


ns 

tRHDZ 

8.9 

Data float after FfD 


2tcLic-70 

ns 

tLLDV 

8.9 

ALE low to valid data in 


8tcLK-150 

ns 

tAVDV 

8.9 

Address to valid data in 


91clk~185 

ns 

tLLWL 

8,9 

ALE low to RQ or WR low 

3tcLK-50 

3tcLK+50 

ns 

tAVWL 

8,9 

Address valid to WR low or RD low 

4tcLK“130 


ns 

tQVWX 

8,9 

Data valid to WR transition 

tcLK-60 


ns 

twHQX 

8.9 

Data hold after WR 

tcLK-50 


ns 

tRLAZ 

8.9 

RD low to address float 


0 

ns 

twHLH 

8,9 

RD or WR high to ALE high 

tcLK-40 

tcLK+40 

ns 

1 External Clock | 

tCHCX 

11 

High time^ 

20 


ns 

tcLCX 

11 

Low time^ 

20 


ns 

tcLCH 

11 

Rise time^ 


20 

ns 

tCHCL 

11 

Fall time^ 


20 

ns 

UART Timing in Shift Register Mode | 

tXLXL 

10 

Serial port clock cycle time^ 

12tcLK 


ps 

tQVXH 

10 

Output data setup to clock rising edge 

10tcLK“‘l33 


ns 

txHQX 

10 

Output data hold after clock rising edge 

2tcLK-117 


ns 

txHDX 

10 

Input data hold after clock rising edge 

0 


ns 

txHDV 

10 

Clock rising edge to input data valid 

.. 

101clk-133 

ns 

CAN Input Comparator / Output Driver (AVdd = 5V ± 5%) 

tSD 


Sum of input and output delay 

(Vdif = ± 32m V; 1 .4V < V| < AVdd - 1 .4V) AVqd = 5V ± 5% 

- 

60 

ns 


NOTES: 


1 . Parameters are valid over operating te mperat ure range unless othenwise specified. 

2. Load capacitance for port 0. ALE, and PSEN = 1 0OpF, load capacitance for all other outputs = 80pF. 

3. These values are characterized but not 1 00% production tested. 
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EXPLANATION OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
first character is always 'f (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal, the designations are; 

A - Address 
C - Clock 
D- Input data 
H - Logic level high 

I - Instruciton (program memory contents) 

L - Logic level low, or ALE 
P-PSER 


Q- Output data 
R-FID signal 
t -Time 
V- Valid 
W- WR signal 

X - No longer a valid logic level 
Z- Float 

Examples: Iavll = Time for address valid to 
ALE low. 

tiLPL = Time for ALE low to 
PSER low. 
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Figure 9. External Data Memory Write Cycle 


I 0 I . I 2 I 3 I 4 I S I 6 I 7 I S I 

l^txLXL — >1 




VAUDX XvaudX X'audX X'audX XvalidX XyaudX XMalidX Xaud> 


Figure 1 0. UART Waveforms in Shift Register Mode 
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TIMING 

REFERENCE 

POINTS 


NOTE: 

AC inputs during tosting are driven at Vqq -0.5 for a logic M ' and 0.45V for a logic 'O'. 
Timing measurements are made at V|h min for a logic '1 ' and V||_ max for a logic 'O'. 


NOTE: 

For timing purposes, a port is no longer floating when a 100mV change from load 
voltage occurs, and begins to float when a lOOmV change from the loaded Vqh/ 
VoL level occurs. loH/IOLfc±20mA. 


Figure 12. AC Testing input/Output 


Figure 13. Fioat Waveform 





MAXIMUM OPERATING MODE 
Vdd = 5.5V 


MAXIMUM OPERATING MODE 
Vdd = 4.5V 


MAXIMUM IDLE AND SLEEP MODE 
Vdd = 5.5V 


MAXIMUM IDLE AND SLEEP MODE 
Vdd = 4.5V 


NOTE: 

Valid only within frequency specifications of the device under test. Maximum values taken 
at worst case temperature. 


Figure 14. lonvs. FREQ 


November 25, 1992 


513 








Philips Semiconductors Microcontroller Products 


Preliminary specification 


Single-chip 8-bit microcontroller with CAN controller 


80C592/83C592/87C592 


EPROM CHARACTERISTICS 

The 87C592 is programmed by using a 
modified Quick-Pulse Programming™ 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and In the width and number of the 
ALE/PROG pulses. 

The 87C592 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C592 manufactured by Philips. 

Table 13 shows the logic levels for reading 
the signature byte, and for programming the 
program memory, theencryption table, and 
the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 15 and 16. Figure 17 shows 
the circuit configuration for normal program 
memory verification. 

Quick-Pulse Programming 

The setup for microcontroller quick-pulse 
programming Is shown in Figure 15. Note that 
the 87C592 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 

The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 15. The code byte to be 
programmed into that location Is applied to 
port 0. RST, PSEN, and pins of ports 2 and 3 
specified in Table 13 are held at the “Program 
Code Data" levels indicated in Table 13. The 
ALE/PROG is pulsed low 25 times as shown 
In Figure 16. 

To program the encryption table, repeat the 
25-pulse programming sequence for 


addresses 0 through 1 FH, using the "Pgm 
Encryption Table" levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 

To program the lock bits, repeat the 25-pulse 
programming sequence using the “Pgm Lock 
Bit" levels. After one lock bit is programmed, 
further programming of the code memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 

Note that the EAA/pp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 

Program Verification 

If lock bit 2 has not been programmed, the 
on-chip program memory can be read out for 
program verification. The address of the 
program memory locations to be red is 
applied to ports 1 and 2 as shown in 
Figure 1 7. The other pins are held at the 
“Verify Code Data” levels indicated in 
Table 13. The contents of the address 
location will be emitted on port 0. External 
pull-ups are required on port 0 for this 
operation. 

If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature Bytes 

The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are; 

(030H) = 15H Indicates manufactured by 
Philips 

(031 H) = 9CH indicates 87C592 

Prog ram A^erify Algorithms 

Any algorithm in agreement with the 
conditions listed in Table 13, and which 
satisfies the timing specifications, is suitable. 

Erasure Characteristics 

Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to the 
light sources over an extended time (about 1 
week in sunlight, or 3 years In room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, it 
is recommended that an opaque iabel be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/cm2. Exposing the EPROM to an 
ultraviolet lamp of 1 2,000(iW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. Erasure leaves the 
array in an all Is state. 


Table 13. EPROM Programming Modes 


MODE 

RST 

PSEN 

ALE/PROG 

EAA/pp 

P2.7 

P2.6 

P3.7 

P3.6 

Read signagure 

1 

0 

1 

1 

0 

0 

0 

0 


1 

0 

0* 

Vpp 

1 

0 

1 

1 

Verify code data 

1 

0 

1 

1 

0 

0 

1 

1 

Pgm encryption table 

1 

0 

0* 

Vpp 

1 

0 

1 

0 

Pgm lock bit 1 

1 

0 

0* 

Vpp 

1 

1 

1 

1 

Pgm lock bit 2 

1 

0 

0* 

Vpp 

1 

1 

0 

0 


NOTES: 

1 . 0 = Valid low for that pin; 1 = valid high for that pin. 

2. Vpp = 12.75V ±0. 25V. 

3. Vdd = 5V ±10% during programming and verification. 

* ALE/PROG receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for lOOps (±10ps) and high for a 
minimum of lOps. 


^'^Trademark phrase of Intel Corporation. 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 

Tamb = 21 to +27°C. Vdd = 5V±10%. Vss = OV (See Figure 18) 


SYMBOL 

Vpp 




PARAMETER 

Programming supply voltage 












MAX 

UNIT 

13.0 

V 
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8XC51FB OVERVIEW 

The 8XC51 FB is a single chip microcontroller 
derivative of the 80C51 . The 8XC51 FB has 
the same instruction set and core architecture 
as the industry standard 80C51 . The features 
of the 8XC51 FB include the following: 

• 8K bytes EPROM 

• 256 bytes RAM 

• Two standard 80C51 16-bit Timers 

• One 16-bit Timer 2 

• Programmable Counter Array 

• Enhanced UART 

• Power On Reset Detection Circuit 

• Reduced EMI mode 

• 40-pin DIP. 44-pin PLCC, 44-pin QFP 

Timers 

The 8XC51 FB has four on-chip timers. 

Timers 0 and 1 are identical in every way to 
Timers 0 and 1 on the 80C51 . 

Timer 2 on the 8XC51 FB is Identical to the 
80C52 Timer 2 (described In detail In the 
80C52 overview) with the exception that it Is 
an up or down counter. To configure the 
Timer to count down the DCEN bit in the 
T2MOD spedal function register must be set 
and a low level must be present on the T2EX 
pin (P1.1). 

Programmable Counter Array 
(PCA) 

The Programmable Counter Array is a 
special Timer that has five 1 6-bit 
capture/compare modules associated with it. 
Each of the modules can be programmed to 


operate in one of four modes; rising and/or 
falling edge capture, software timer, 
high-speed output, or pulse width modulator. 
Each module has a pin associated with it in 
port 1 . Module 0 is connected to PI .3(CEX0), 
module 1 to P1.4{CEX1), etc.. The basic 
PCA configuration is shown in Figure 1 . 

The PCA timer Is a common time base for all 
five modules and can be programmed to run 
at: 1/12 the oscillator frequency, 1/4 the 
oscillator frequency, the Timer 0 overflow, or 
the Input on the ECl pin (PI .2). The timer 
count source Is determined from the CPS1 
and CPSO bits in the CMOD SFR as follows 
(see Figure 4): 

CPS1 CPSO PCA Timer Count Source 

0 0 1/12 oscillator frequency 

0 1 1/4 oscillator frequency 

1 0 Timer 0 overflow 

1 1 External Input at ECl pin 

In the CMOD SFR are three additional bits 
associated with the PCA. They are CIDL 
which allows the PCA to stop during idle 
mode, WDTE which enables or disables the 
watchdog function on module 4. and ECF 
which when set causes an interrupt and the 
PCA overflow flag CF (in the CCON SFR) to 
be set when ttie PCA timer overflows. These 
functions are shown in Figure 2. 

The watchdog timer function is implemented 
in module 4 as implemented in other parts 
that have a PCA that are available on the 
market. However, if a watchdog timer is 
required in the target application, it is 
recommended to use the hardware watchdog 
timer that Is Implemented on the 8XC51 FB 
separately from the PCA (see Figure 12). 


The CCON SFR contains the run control bit 
for the PCA and the flags for the PCA timer 
(CF) and each module (refer to Figure 5). To 
run the PCA the CR bit (CCON.6) must be 
set by software. The PCA is shut off by 
clearing this bit. The CF bit (CCON. 7) is set 
when the PCA counter overflows and an 
interrupt will be generated If the ECF bit in 
the CMOD register is set, The CF bit can only 
be cleared by software. Bits 0 through 4 of 
the CCON register are the flags for the 
modules (bit 0 for module 0, bit 1 for module 
1 , etc.) and are set by hardware when either 
a match or a capture occurs. These flags also 
can only be cleared by software. The PCA 
interrupt system shown in Figure 3. 

Each module in the PCA has a special 
function register associated with it. These 
registers are: CCAPMO for module 0, 
CCAPM1 for module 1, etc. (see Figure 6). 
The registers contain the bits that control the 
mode that each module will operate in. The 
ECCF bit (CCAPMn.O where n=0, 1, 2, 3, or 
4 depending on the module) enables the CCF 
flag in the CCON SFR to generate an 
interrupt when a match or compare occurs in 
the associated module. PWM (CCAPMn.1) 
enables the pulse width modulation mode. 
The TOG bit (CCAPMn.2) when set causes 
the CEX output associated with the module to 
toggle when there is a match between the 
PCA counter and the module’s 
capture/compare register.The match bit MAT 
(CCAPMn.3) when set will cause the CCFn 
bit in the CCON register to be set when there 
is a match between the PCA counter and the 
module’s capture/compare register. 



16-BiT TIMER 

16-BIT HIGH SPEED OUTPUT 
0-BIT PWM 

WATCHDOG TIMER (MODULE 4 ONLY) 


P1.3/CEX0 

P1.4/CEX1 

P1.5/CEX2 

P1.6^CEX3 

P1.7/CEX4 


Figure 1. Programmable Counter Array (PCA) 
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Table 1 . 8XC51 FB Special Function Registers 


SYMBOL 

DESCRIPTION 

DIRECT 

ADDRESS 

BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 

MSB LSB 

RESET 

VALUE 

ACC* 

Accumulator 

EOH 

E7 

E6 

E5 

E4 

E3 

E2 

El 

EO 

OOH 

AUXR# 

Auxiliary 

8EH 


- 

- 

- 

- 

- 

- 

AO 

xxxxxxxOB 

B* 

B register 

FOH 

F7 

F6 

F5 

F4 

F3 

F2 

F1 

FO 

OOH 

CCAPOH# 

Module 0 Capture High 

FAH 









xxxxxxxxB 

CCAP1H# 

Module 1 Capture High 

FBH 









xxxxxxxxB 

CCAP2H# 

Module 2 Capture High 

FCH 









xxxxxxxxB 

CCAP3H# 

Module 3 Capture High 

FDH 









xxxxxxxxB 

CCAP4H# 

Module 4 Capture High 

FEH 









xxxxxxxxB 

CCAPOL# 

Module 0 Capture Low 

EAH 









xxxxxxxxB 

CCAP1L# 

Module 1 Capture Low 

EBH 









xxxxxxxxB 

CCAP2L# 

Module 2 Capture Low 

ECH 









xxxxxxxxB 

CCAP3L# 

Module 3 Capture Low 

EDH 









xxxxxxxxB 

CCAP4L# 

Module 4 Capture Low 

EEH 









xxxxxxxxB 

CCAPMO# 

Module 0 Mode 

DAH 

- 

ECOM 

CAPP 

CAPN 

MAT 

TOG 

PWM 

ECCF 

xOOOOOOOB 

CCAPM1# 

Module 1 Mode 

DBH 

- 

ECOM 

CAPP 

CAPN 

MAT 

TOG 

PWM 

ECCF 

xOOOOOOOB 

CCAPM2# 

Module 2 Mode 

DCH 

- 

ECOM 

CAPP 

CAPN 

MAT 

TOG 

PWM 

ECCF 

xOOOOOOOB 

CCAPM3# 

Module 3 Mode 

DDH 

- 

ECOM 

CAPP 

CAPN 

MAT 

TOG 

PWM 

ECCF 

xOOOOOOOB 

CCAPM4# 

Module 4 Mode 

DEH 

- 

ECOM 

CAPP 

CAPN 

MAT 

TOG 

PWM 

ECCF 

xOOOOOOOB 




DF 

DE 

DD 

DC 

DB 

DA 

D9 

D8 


CCON*# 

PCA Counter Control 

D8H 

CF 

CR 


CCF4 

CCF3 

CCF2 

CCF1 

CCFO 

OOxOOOOOB 

CH# 

PCA Counter High 

F9H 









OOH 

CL# 

PCA Counter Low 

E9H 









OOH 

CMOD# 

PCA Counter Mode 

D9H 

CIDL 

WDTE 




CPS1 

CPSO 

ECF 

OOxxxOOOB 

DPTR: 

Data Pointer (2 bytes) 











DPH 

Data Pointer High 

83H 









OOH 

DPL 

Data Pointer Low 

82H 

AF 

AE 

AD 

AC 

AB 

AA 

A9 

A8 

OOH 

IE* 

Interrupt Enable 

ASH 

EA 1 

1 EC 

ET2 1 

ES 

ET1 

EX1 1 

1 ETO I 

1 EXO 

OOH 




BF 

BE 

BD 

BC 

BB 

BA 

B9 

B8 


IP* 

Interrupt Priority 

B8H 


PPC 

PT2 1 

PS 

PT1 1 

PX1 1 

PTO 1 

1 PXO 

xOOOOOOOB 




87 

86 

85 

84 

83 

82 

81 

80 


PO* 

Porto 

80H 

AD7 1 

AD6 1 

ADS 1 

AD4 1 

ADS 1 

AD2 1 

1 ADI 1 

ADO 

FFH 




97 

96 

95 

94 

93 

92 

91 

90 


PI* 

Porti 

90H 

CEX4 1 

1 CEX3 1 

1 CEX2 1 

CEX1 1 

CEXO 1 

EXI 1 

T2EX 1 

T2 

FFH 




A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 


P2* 

Port 2 

AOH 

AD15 1 

AD14 1 

AD13 1 

AD12 1 

AD11 1 

AD10 1 

1 AD9 1 

1 AD8 

FFH 




B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 


P3* 

Ports 

BOH 

HD 1 

WR 1 

T1 1 

TO 1 

IRTT 1 

INTO 1 

TxD 1 

RxD 

FFH 




1 


PCON 

Power Control 

87H 

SM0D1 

SMODO 

- 

POF^ 

GF1 

GFO 

PD 

IDL 

OOxxxxOOB 







* SFRs are bit addressable. 

# SFRs are modified from or added to the 80C51 SFRs. 
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Table 1. 8XC51FB Special Function Registers (Continued) 


SYMBOL 

DESCRIPTION 

DIRECT 

ADDRESS 

BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 

MSB LSB 

RESET 

VALUE 




D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 


PSW* 

Program Status Word 

DOH 

CY 

AC 

FO 

RSI 

RSO 

OV 

- 

P 

OOH 

RACAP2H# 

Timer 2 Capture High 

CBH 









OOH 

RACAP2L# 

Timer 2 Capture Low 

CAH 









OOH 

SADDR# 

Slave Address 

A9H 









OOH 

SADEN# 

Slave Address Mask 

B9H 









OOH 

SBUF 

Serial Data Buffer 

99H 









xxxxxxxxB 




9F 

9E 

9D 

9C 

9B 

9A 

99 

98 


SCON* 

Serial Control 

98H 

SMO 

SMI 

SM2 

REN 

TB8 

RB8 

Tl 

Rl 

OOH 

SP 

Stack Pointer 

81 H 









07H 




8F 

8E 

8D 

8C 

8B 

8A 

89 

88 


ICON* 

Timer Control 

88H 

TF1 

TR1 

TFO 

TRO 

IE1 

IT1 

lEO 

lEO 

OOH 




CF 

CE 

CD 

CC 

CB 

CA 

C9 

C8 


T2CON* 

Timer 2 Control 

C8H 

TF2 

EXF2 

RCLK 

TCLK 

EXEN2 

TR2 

C/T2 

CP/RL2 

OOH 

T2MOD# 

Timer 2 Mode Control 

C9H 

- 

- 

- 

- 

- 

- 

- 

DCEN 

xxxxxxxOB 

THO 

Timer High 0 

8CH 









OOH 

TH1 

Timer High 1 

8DH 









OOH 

TH2# 

Timer High 2 

CDH 









OOH 

TLO 

Timer Low 0 

8AH 









OOH 

TL1 

Timer Low 1 

8BH 









OOH 

TL2# 

Timer Low 2 

CCH 









OOH 

TMOD 

Timer Mode 

89H 

GATE 

1 

Ml 

1 ^ 

1 GATE 

1 C/T 

I Ml 

1 MO 

OOH 




C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 



* SFRs are bit addressable. 

# SFRs are modified from or added to the 80C51 SFRs. 
1 . Reset value depends on reset source. 
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8XC51 FB overview 


CMOD Address = OD9H 


Reset Value = OOXX XOOOB 


Bit Addressable 


CIDL WDTE 


CPS1 CPSO ECF 


Symbol Function 

CIDL Counter Idle control: CIDL = 0 programs the PCA Counter to continue functioning during idle Mode. CIDL = 1 programs 

it to be gated off during idle. 

WDTE Watchdog Timer Enable: WDTE = 0 disables Watchdog Timer function on PCA Module 4. WDTE = 1 enables it. 

_ Not implemented, reserved for future use.* 

CPS1 PCA Count Pulse Select bit 1 . 

CPSO PCA Count Pulse Select bit 0. 

CPS1 CPSO Selected PCA Input** 

0 0 0 Internal clock. Fosc+ 12 

0 1 1 Internal clock, Fosc-!- 4 

10 2 Timer 0 overflow 

1 1 3 External clock at ECI/P1 .2 pin (max. rate = Fosc 8) 

ECF PCA Enable Counter Overflow interrupt: ECF = 1 enables CF bit in CCON to generate an interrupt. ECF = 0 disables 

that function of CF. 

NOTE: 

‘User sottware should not write Is to reserved bits. These bns may be used in tuture 8051 family products to invoke new features In that case, the reset or inactive value of the new 
bit will be o, and its actn/e value will be 1 . The value read from a reserved bit is indeterminate. 

"-Fosc = osallator frequency 

Figure 4. CMOD: PCA Counter Mode Register 


CCON Address = OD8H 


Reset Value = 00X0 OOOOB 


Bit Addressable 


CCF4 CCF3 CCF2 CCF1 CCFO 


CF PCA Counter Overflow flag. Set by hardware when the counter rolls over. CF flags an interrupt If bit ECF in CMOD is 

set. CF may be set by either hardware or software but can only be cleared by software. 

CR PCA Counter Run control bit. Set by software to turn the PCA counter on. Must be cleared by software to turn the PCA 

counter off. 

- Not implemented, reserved for future use*. 

CCF4 PCA Module 4 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 

CCF3 PCA Module 3 internupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 

CCF2 PCA Module 2 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 

CCF1 PCA Module 1 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 

CCFO PCA Module 0 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 

NOTE: 

‘User software should not wnte Is to reserved bits. These bits rray be used in tuture 8051 family products to invoke new features. In that case, the reset or inactive value of the 
new bit will be 0, and its active value will be 1 . The value read from a resen/ed bit is indeterminate. 


Figure 5. CCON: PCA Counter Control Register 
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CCON Address CCAPMO ODAH 
CCAPM1 ODBH 
CCAPM2 ODCH 
CCAPM3 ODDH 
CCAPM4 ODEH 


Reset Value = XOOO OOOOB 


Not Bit Addressable 


ECOMn CAPPn CAPNn MATn TCX3n PWMn ECCFn 


Symbol Function 


Not implemented, reserved for future use*. 

Enable Comparator. ECOMn = 1 enables the comparator function. 

Capture Positive, CAPPn = 1 enables positive edge capture. 

Capture Negative, CAPNn = 1 enables negative edge capture. 

Match. When MATn = 1 , a match of the PCA counter with this module's compare/capture register causes the CCFn bit 
in CCON to be set, flagging an interrupt. 

Toggle. When TOGn = 1 , a match of the PCA counter with this module’s compare/capture register causes the CEXn 
pin to toggle. 

Pulse Width Modulation Mode. PWMn = 1 enables the CEXn pin to be used as a pulse width modulated output. 

Enable CCF interrupt. Enables compare/capture flag CCFn In the CCON register to generate an interrupt. 


‘User software should not wnite Is to resenved bits. These brts may be used in future 8051 family products to invoke new featuresin that r:ase. the reset or iinactive value of the 
new bit will be o, and its actrve value will be 1. The value read from a reserved bit Is indeterminate 


Figure 6. CCAPMn: PCA Modules Compare/Capture Registers 


The next two bits CAPN (CCAPMn.4) and 
CAPP (CCAPMn. 5) determine the edge that 
a capture input will be active on. The CAPN 
bit enables the negative edge, and the CAPP 
bit enables the positive edge. If both bits are 
set both edges will be enabled and a capture 
will occur for either transition. The last bit in 
the register ECOM (CCAPMn.6) when set 
enables the comparator function. Figure 7 
shows the CCAPMn settings for the various 
PCA functions. 

There are two additional registers associated 
with each of the PCA modules. They are 
CCAPnH and CCAPnL and these are the 
registers that store the 1 6-bit count when a 
capture occurs or a compare should occur. 
When a module is used in the PWM mode 
these registers are used to control the duty 
cycle of the output. 

PCA Capture Mode 

To use one of the PCA modules in the 
capture mode either one or both of the 
CCAPM bits CAPN and CAPP for that 
module must be set. The external CEX input 
for the module (on port 1 ) is sampled for a 
transition. When a valid transition occurs the 
PCA hardware loads the value of the PCA 
counter registers (CH and CL) into the 
module’s capture registers (CCAPnL and 
CCAPnH). If the CCFn bit for the module in 


the CCON SFR and the ECCFn bit in the 
CCAPMn SFR are set then an interrupt will 
be generated. Refer to Figure 8. 

16-blt Software Timer Mode 

The PCA modules can be used as software 
timers by setting both the ECOM and MAT 
bits in the modules CCAPMn register. The 
PCA timer will be compared to the module’s 
capture registers and when a match occurs 
an interrupt will occur if the CCFn (CCON 
SFR) and the ECCFn (CCAPMn SFR) bits for 
the module are both set (see Figure 9). 

High Speed Output Mode 

In this mode the CEX output (on port 1) 
associated with the PCA module will toggle 
each time a match occurs between the PCA 
counter and the module’s capture registers. 

To activate this mode the TOG, MAT, and 
ECOM bits in the module’s CCAPMn SFR 
must be set (see Figure 10). 

Pulse Width Modulator Mode 

All of the PCA modules can be used as PWM 
outputs. Figure 1 1 shows the PWM 
function. The frequency of the output depends 
on the source for the PCA timer. All of the 
modules will have the same frequency of 
output because they all share the PCA timer. 
The duty cycle of each module is 
independently variable using the module’s 
capture register CCAPLn. When the value of 


the PCA CL SFR is less than the value in the 
module’s CCAPLn SFR the output will be low, 
when it is equal to or greater than the output 
will be high. When CL overflows from FF to 
00, CCAPLn is reloaded with the value in 
CCAPHn. the allows updating the PWM 
without glitches. The PWM and ECOM bits in 
the module’s CCAPMn register must be set 
to enable the PWM mode. 

Enhanced UART 

The UART operates in all of the usual modes 
that are described in the first section of this 
book for the 80C51 . In addition the UART can 
perform framing error detect by looking for 
missing stop bits, and automatic address 
recognition. The 8XC51 FB UART also fully 
supports multiprocessor communication as 
does the standard 80C51 UART. 

When used for framing error detect the UART 
looks for missing stop bits in the 
communication. A missing bit will set the FE 
bit in the SCON register. The FE bit shares 
the SCON. 7 bit with SMO and the function of 
SCON.7 is determined by PCON.6 (SMODO) 
(see Figure 13). If SMODO is set then 
SCON.7 functions as FE. SCON.7 functions 
as SMO when SMODO is cleared. When used 
as FE SCON.7 can only be cleared by 
software. Refer to Figure 14. 
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MODULE FUNCTION 

X 

0 

0 

0 

0 

0 

0 

0 

No operation 

X 

X 

1 

0 

0 

0 

0 

X 

16-bit capture by a positive-edge trigger on CEXn 

X 

X 

0 

1 

0 

0 

0 

X 

16-bit capture by a negative trigger on CEXn 

X 

X 

1 

1 

0 

0 

0 

X 

16-bit capture by a transition on CEXn 

X 

1 

0 

0 

1 

0 

0 

X 

16-bit Software Timer 

X 

1 

0 

0 

1 

1 

0 

X 

16-bit Highspeed Output 

X 

1 

0 

0 

0 

0 

1 

0 

8-bit PWM 

X 

1 

0 

0 

1 

X 

0 

X 

Watchdog Timer 


Figure 7. PCA Module Modes (CCAPMn Register) 


Automatic Address Recognition 

Automatic Address Recognition is a feature 
which allows the DART to recognize certain 
addresses in the serial bit stream by using 
hardware to make the comparisons. This 
feature saves a great deal of software 
overhead by eliminating the need for the 
software to examine every serial address 
which passes by the serial port. This feature 
is enabled by setting the SM2 bit in SCON. In 
the 9 bit DART modes, mode 2 and mode 3, 
the Receive Interrupt flag (Rl) will be 
automatically set when the received byte 
contains either the “Given” address or the 
“Broadcast” address. The 9 bit mode requires 
that the 9th information bit is a 1 to indicate 
that the received information is an address 
and not data. Automatic address recognition 
is shown in Figure 15. 

The 8 bit mode is called Mode 1. In this mode 
the Rl flag will be set if SM2 is enabled and 
the information received has a valid stop bit 
following the 8 address bits and the 
information is either a Given or Broadcast 
address. 

Mode 0 is the Shift Register mode and SM2 
is ignored. 

Using the Automatic Address Recognition 
feature allows a master to selectively 
communicate with one or more slaves by 
invoking the Given slave address or 
addresses. All of the slaves may be 
contacted by using tfie Broadcast address. 
Two special Function Registers are used to 
define the slave’s address, SADDR, and the 
address mask, SADEN. SADEN is used to 
define which bits in the SADDR are to b used 
and which bits are “don’t care”. The SADEN 
mask can be logically ANDed with the 


SADDR to create the “IGiven” address which 
the master will use for addressing each of the 
slaves. Use of the Given address allows 
multiple slaves to be recognized while 
excluding others. The following examples will 
help to show the versatility of this scheme: 


Slave 0 

SADDR = 

1100 0000 


SADEN = 

1111 1101 


Given 

1100 00X0 

Slave 1 

SADDR = 

1100 0000 


SADEN = 

1111 1110 


Given 

1100 OOOX 


In the above example SADDR is the same 
and the SADEN data is used to differentiate 
between the two slaves. Slave 0 requires a 0 
in bit 0 and it ignores bit 1 . Slave 1 requires a 
0 in bit 1 and bit 0 is ignored. A unique 
address for Slave 0 would be 11 00 001 0 
since slave 1 requires a 0 in bit 1. A unique 
address for slave 1 would be 1100 0001 since 
a 1 in bit 0 will exclude slave 0. Both slaves 
can be selected at the same time by an 
address which has bit 0 = 0 (for slave 0) and 
bit 1 =0 (for slave 1). Thus, both could be 
addressed with 1100 0000. 


In a more complex system the following could 
be used to select slaves 1 and 2 while 
excluding slave 0: 


Slave 0 

SADDR 

= 

1100 0000 


SADEN 

= 

1111 1001 


Given 

= 

1100 oxxo 

Slave 1 

SADDR 

= 

1110 0000 


SADEN 

= 

1111 1010 


Given 

= 

1110 oxox 

Slave 2 

SADDR 

= 

1110 0000 


SADEN 

= 

1111 1100 


Given 

= 

1110 ooxx 


In the above example the differentiation 
among the 3 slaves is in the lower 3 address 
bits. Slave 0 requires that bit 0 = 0 and it can 
be uniquely addressed by 1110 0110. Slave 1 
requires that bit 1 = 0 and it can be uniquely 
addressed by 1 1 1 0 and 0101. Slave 2 
requires that bit 2 = 0 and its unique address 
is 1 1 1 0 001 1 . To select Slaves 0 and 1 and 
exclude Slave 2 use address 1110 0100, 
since it is necessary t make bit 2 = 1 to 
exclude slave 2. 

The Broadcast Address for each slave is 
created by taking the logical OR of SADDR 
and SADEN. Zeros in this result are teated as 
don't-cares. In most cases, interpreting the 
don’t-cares as ones, the broadcast address 
will be FF hexadecimal. 

Upon reset SADDR (SFR address 0A9H) and 
SADEN (SFR address 0B9H) are leaded with 
Os. This produces a given address of all 
“don’t cares” as well as a Broadcast address 
of all “don’t cares”, this effectively disables 
the Automatic Addressing mode and allows 
the microcontroller to use standard 80C51 
type UART drivers which do not make use of 
this feature. 

Reduced EMI Mode 

The AO bit (AUXR.O) in the AUXR register 
when set disables the ALE output. 


8XC51FB Reduced EMi Mode 

AUXR (0X8E) 



n 

□ 

□ 

□ 

n 

□ 

AO 


AO: Turns off ALE output. 
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CCF4 

CCF3 

CCF2 

CCFl 

CCFO 


► PCA INTERRUPT 

PCA TIMER/COUNTER 
CH I CL I 


CCAPnH CCAPnL 


ECOMn I CAPPn I CAPNn 1 MATn TOGn I PWMn I ECCFn I dVh) 


Figure 8. PCA Capture Mode 
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CCF4 CCF3 CCF2 I CCFl I CCFO 


WRITE TO 
CCAPnH RESET 


CCAPnH CCAPnL 


1&-BIT COMPARATOR 


PCA TIMER/COUNTER 


*0 CEXn 


— ECOMn CAPPn CAPNn MATn TOGn PW»*i I ECCFn 


Figure 10. PCA High Speed Output Mode 



PCA TIMER/COUNTER 


ECOMn CAPPn CAPNn MATn TOGn PWMn ECCFn ^%h*?DEH)"^ 

0 0 0 0 0 


Figure 11. PCA PWM Mode 
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CPS1 I CPSO ECF 


CCAP4H CCAP4L 


16-BIT COMPARATOR 


PCA TIMER/COUNTER 


ECOMn CAPPn I CAPNn I MATn I TOGn I PWMi I ECCFn 


Figure 1 2. PCA Watchdog Timer 


SCON Address = 98H 
Bit Addressable 


Reset Value = 0000 OCXDOB 


SMO/FE SM1 


(SMODO = 0/1)* 


Framing Error bit This bit is set by the receiver when an invalid stop bit is detected. The FE bit is not cleared by valid 
frames but should be cleared by software. The SMODO bit must be set to enable access to the FE bit. 

Serial Port Mode Bit 0, (SMODO must = 0 to access bit SMO) 

Serial Port Mode Bit 1 

SMO SM1 Mode Description Baud Rate** 


Description 

shift register 
S-bit UART 
9-bit UART 
9-bit UART 


Fosc/12 

variable 

Fosc/64 or Fosc/32 
variable 


NOTE: 

‘SMODo is located at PCON6. 
**Fosc * oscillator frequency 


Enables the Automatic Address Recognition feature in Modes 2 or 3. If SM2 = 1 then Rl will not be set unless the 
received 9th data bit (RB8) is 1 , indicating an address, and the received byte is a Given or Broadcast Address. In Mode 
1 , If SM2 = 1 then Rl will not be activated unless a valid stop bit was received, and the received byte is a Given or 
Broadcast Address. In Mode 0. SM2 should be 0. 

Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 

The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. 

In modes 2 and 3, the 9th data bit that was received. In Mode 1, if SM2 = 0. RB8 is the stop bit that was received. In 
Mode 0, RB8 Is not used. 

Transmit interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or at the beginning of the stop bit In the 
other modes, in any senal transmission. Must be cleared by software. 

Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or halfway through the stop bit time in 
the other modes, in any serial reception (except see SM2). Must be cleared by software. 


Figure 13. SCON: Serial Port Control Register 
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ONLY IN STOP 
MODE 2. 3 bit 


SET FE BIT IF STOP BIT IS 0 (FRAMING ERROR) 


SMO TO UART MODE CONTROL 


SMOD1 SMODO OSF POF LVF GPO I GFl 


Figure 14. UART Framing Error Detection 



IN UART MODE 2 OR MODE 3 AND SM2 = 1 : 

INTERRUPT IF REN=1, RB8=1 AND ’’RECBVED ADDRESS” = ’’PROGRAMMED ADDRESS” 

- WHEN OWN ADDRESS RECEIVED, CLEAR SM2 TO RECOVE DATA BYTES 

- WHEN ALL DATA BYTES HAVE BEEN RECEIVED: SET SM2 TO WAIT FOR NEXT ADDRESS. 


Figure 15. UART Multiprocessor Communication, Automatic Address Recognition 
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DESCRIPTION 

The 87C51 FB Single-Chip 8-Bit 
Microcontroller is manufactured in an 
advanced CMOS process and is a derivative 
of the 80C51 microcontroller family. The 
87C51 FB has the same instruction set as the 
80C51 . 

This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The 87C51FB contains 16k x 8 
memory, a volatile 256 x 8 read/write data 
memory, four 8-bit I/O ports, three 16-bit 
timer/event counters, a Programmable 
Counter Array (PCA), a multi-source, 
two-priority-level, nested interrupt structure, 
an enhanced UART and on-chip oscillator 
and timing circuits. For systems that require 
extra capability, the 87C51 FB can be 
expanded using standard TTL compatible 
memories and logic. 

Its added features make it an even more 
powerful microcontroller for applications that 
require pulse width modulation, high-speed 
I/O and up/down counting capabilities such 
as motor control. It also has a more versatile 
serial channel that facilitates multiprocessor 
communciations. 


FEATURES 

• 80C51 central processing unit 

• 16k X 8 EPROM expandable externally to 
64k bytes 

“ Quick Pulse programming algorithm 

- Two level program security system 

• 256 X 8 RAM, expandable externally to 
64k bytes 

• Three 1 6-bit timer/counters 

- T2 Is an up/down counter 

• Programmable Counter Array (PCA) 

- High speed output 

- Capture/compare 

- Pulse Width Modulator 

- Watchdog Timer 

• Four 8-bit I/O ports 

• Full-duplex enhanced UART 

- Framing error detection 

- Automatic address recognition 

• Power control modes 

- Idle mode 

- Power-down mode 

• Once (On Circuit Emulation) Mode 

• Five package styles 

• OTP package available 


PIN CONFIGURATIONS 


Vcc 

PO.O/ADO 

P0.1/AD1 

P0.2/AD2 

P0.3/AD3 

P0.4/AD4 

P0.5/AD5 

P0.6/AD6 

P0.7/AD7 

EAATpp 

ALE/PROG 

P5EN 

P2.7/A15 

P2.6/A14 

P2.5/A13 

P2.4/A12 

P2.3/A11 

P2,2/A10 

P2.1/A9 

P2.0/A8 


T2/P1.0 |T 
T2EX/P1.1 [T 
ECI/P1.2 [T 
CEX0/P1.3 |T 
CEX1/P1.4 [T 
CEX2/P1.5 [T 
CEX3/P1.6 \T 
CEX4/P1.7 |y 
RST [T 
RxD/P3-0 [io 
TXD/P3.1 [jT 
rFrnj/P3.2 
INTT/P3.3 Iji 
T0/P3.4 
T1/P3.5 (Ts 
WR/P3.6 [is 
RD/P3.7 
XTAL2 
XTAL1 

vss 


39] 
37] 
3 ^ 

E 

E 

DUAL ii] 
IN-UNE — ' 

PACKAGE ^ 

E 

1 

E 

E 

E 

El 


ORDERING INFORMATION 


EPROM 

TEMPERATURE RANGE AND PACKAGE^ 

FREQUENCY 

DRAWING NUMBER 

S87C51FB-4N40 

0 to +70, 40-Pin Plastic Dual In-line Package, OTP 

3.5 to 16MHz 

0415C 

S87C51 FB^F40 

0 to +70, 40-Pin Ceramic Dual In-line Package w/Window, UV 

3.5 to 16MHz 

0590B 

S87C51FB-4A44 

0 to +70, 44-Pin Plastic Leaded Chip Carrier, OTP 

3.5 to 16MHz 

0403G 

S87C51FB-4K44 

0 to +70, 44-Pin Ceramic Leaded Chip Carrier w/Window, UV 

3.5 to 16MHz 

1472A 

S87C51FB-4B44 

0 to +70, 44-Pin Plastic Quad Flat Pack, OTP 

3.5 to 16MHz 

1118D 


1. OTP = One Time Programmable EPROM. UV = Erasable EPROM. 
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CERAMIC AND PLASTIC LEADED CHIP CARRIER 
PIN FUNCTIONS 



Pin 

Function 

Pin 

Function 

1 

NC 

23 

NC 

2 

P1.0/T2 

24 

P2.0/A8 

3 

P1.1/T2EX 

25 

P2.1/A9 

4 

P1.2/ECI 

26 

P2.2/A10 

5 

P1.3/CEX0 

27 

P2.3/A11 

6 

P1.4/CEX1 

28 

P2.4/A12 

7 

P1.5/CEX2 

29 

P2.5/A13 

8 

P1.6/CEX3 

30 

P2.6/A14 

9 

P1.7/CEX4 

31 

P2.7/A15 

10 

RST 

32 

P5EM 

11 

P3.0/RXD 

33 

ALE/PRDG 

12 

NC 

34 

NC 

13 

P3.1/TxD 

35 

EA/Vpp 

14 

P3.2/1NTD 

36 

P0.7/AD7 

15 

PO.a/WlT 

37 

P0.6/AD6 

16 

P3.4/T0 

38 

P0.5/AD5 

17 

P3.57ri 

39 

P0.4/AD4 

18 

P3.6/WR 

40 

P0.3/AD3 

19 

P3.7/RU 

41 

P0.2/AD2 

20 

XTAL2 

42 

PO. 1/ADI 

21 

XTAL1 

43 

PO.O/ADO 

22 

vss 

44 

vcc 


PLASTIC QUAD FLAT PACK PIN FUNCTIONS 




44 

J 

34 

_ 11 





r 

N 





PQFP 


33 



11 


) 

= 

23 



Y 

12 

H 

22 



Pin 

Function 


Pin 


Function 

1 

P1.5/CEX2 

23 


P2.5/A13 

2 

P1.6/CEX3 

24 


P2.6/A14 

3 

P1.7/CEX4 

25 


P2.7/A15 

4 

RST 


26 


P5EN 

5 

P3.0/RXD 


27 


ALBPROG 

6 

NC 


28 


NC 

7 

P3.1/TxD 


29 


ES/Vpp 

8 

P3.2/INTT5 


30 


P0.7/AD7 

9 

P3.3/iisrrT 


31 


P0.6/AD6 

10 

P3.4/T0 


32 


P0.5/AD5 

11 

P3.5/T1 


33 


P0.4/AD4 

12 

P3.6/WR 


34 


P0.3/AD3 

13 

P3.7/FJD 


35 


P0.2/AD2 

14 

XTAL2 


36 


P0.1/AD1 

15 

XTAL1 


37 


P0-0//«X) 

16 

Vss 


38 


Vcc 

17 

NC 


39 


NC 

18 

P2.0/A8 


40 



19 

P2.1/A9 


41 


P1.1/T2EX 

20 

P2.2/A10 


42 


P1.2/ECI 

21 

P2.3/A11 


43 


P1.3/CEX0 

22 

P2.4/A12 


44 


P1.4/CEX1 


PIN DESCRIPTIONS 



PIN NUMBER 



MNEMONIC 

DIP 

LCC 

QFP 

TYPE 

NAME AND FUNCTION 

Vss 

20 

22 

16 

I 

Ground: OV reference. 

Vcc 

40 

44 

38 

I 

Power Supply: This is the power supply voltage for normal, idle, and power-down 
operation. 

PO.0-0.7 

39-32 

43^6 

37-30 

I/O 

Port 0: Port 0 is an open drain, bidirectional I/O port. Port 0 pins that have Is written to 
them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. In 
this application, it uses strong internal pull-ups when emitting 1 s. Port 0 also outputs the 
code bytes during program verification and receives code bytes during EPROM 
programming. External pull-ups are required during program verification. 

P1.0-P1.7 

1-8 

2-9 

40-44, 

1-3 

I/O 

Port 1 ; Port 1 is an 8-bit bidirectional I/O port with internal pull-ups, except P1.6 and P1.7 
which are open drain. Port 1 pins that have Is written to them are pulled high by the internal 
pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: I|l)- 
Port 1 also receives the low-order address byte during program memory verification. 

Alternate functions include; 


1 

2 

40 

I 

T2 (P1.0): Timer/Counter 2 external count input/Clockout 


2 

3 

41 

I 

T2EX (P1.1): Timer/Counter 2 Reload/Capture/Direction Control 


3 

4 

42 

I 

ECl (PI. 2): External Clock Input to the PCA 


4 

5 

43 

I/O 

CEXO (Pi .3): Capture/Compare External I/O for PCA module 0 


5 

6 

44 

I/O 

CEX1 (PI .4): Capture/Compare External I/O for PCA module 1 


6 

7 

1 

I/O 

CEX2 (Pi .5): Capture/Compare External I/O for PCA module 2 


7 

8 

2 

I/O 

CEX3 (PI .6): Capture/Compare External I/O for PCA module 3 


8 

9 

3 

I/O 

CEX4 (PI .7): Capture/Compare External I/O for PCA module 4 
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P2.0-P2.7 21-28 24-31 18-25 I/O Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 1 s 

written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: I|l). Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal 
pull-ups when emitting Is. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri). port 2 emits the contents of the P2 special function register. Some 
Port 2 pins receive the high order address bits during EPROM programming and verification. 

P3.0-P3.7 10-17 11, 5, I/O Port 3: Ports is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have Is 

13-19 7-13 written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 

port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics: I|l). Port 3 also serves the special features of the 80C51 
family, as listed below: 

10 11 5 I RxD(P3.0): Serial input port 

11 13 7 O TxD (P3.1): Serial output port 

12 14 8 I INTO (P3.2); External interrupt 

13 15 9 I INTT (P3.3): External interrupt 

14 16 10 I TO (P3.4): Timer 0 external input 

15 17 11 I T1 (P3.5): Timer 1 external input 

16 18 12 O WR (P3.6): External data memory write strobe 

17 19 13 O TTD (P3.7): External data memory read strobe 

RST 9 10 4 I Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 

device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vcc- 

ALE/PROG 30 33 27 I/O Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the 

address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is sk ipped d uring each access to external data memory. This pin is 
also the program pulse input (PROC) during EPROM programming. 

PSEN 29 32 26 O Program Store Enable: The read strobe to external program memory. When the 87C51 FB 

is executing code from the exte rnal pr ogram memory, PSEN is activated twice each 
machine cycle, except that tw o PSEN activations are skipped during each access to 
external data memory. PSEN is not activated during fetches from internal program memory. 

EA/Vpp 31 35 29 I External Access Enable/Programming Supply Voltage: EA must be externally held low 

to enable the device to fetch code from external program memory locations OOOOH and 
3FFFH. If EA is held high, the device executes from internal program memory unless the 
program counter contains an address greater than 3FFFH. This pin also receives the 12.75V 
programming supply voltage (Vpp) during EPROM programming. If security bit 1 is 
programmed, EA will be internally latched on Reset. 

XTAL1 19 21 15 I Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator 

circuits. 

XTAL2 18 20 14 O Crystal 2; Output from the inverting oscillator amplifier. 


NOTE: 

To avoid “latch-up” effect at power-on, the voltage on any pin at any time must not be higher than Vcc + 0-5V or Vss “ 0-5V, respectively. 


TIMER 2 

This Is a 16-bit up or down counter, which 
can be operated as either a timer or event 
counter. It can be operated in one of three 
different modes (autoreload, capture or as the 
baud rate generator for the UART). 

In the autoreload mode the Timer can be set 
to count up or dwon by setting or clearing the 
bit DCEN in the T2CON Special Function 
Register. The SFR’s RCAP2H and RCAP2L 
are used to reload the Timer upon overflow or 
a 1-to-O transition on the T2EX input (PI .1 ). 


In the Capture mode Timer 2 can either set 
TF2 and generate an interrupt or capture its 
value. To capture Timer 2 in response to a 
1-to-O transition on the T2EX input, the 
EXEN2 bit in the T2CON must be set. Timer 
2 is then captured in SFR’s RCAP2H and 
RCAP2L. 

As the baud rate generator, Timer 2 is 
selected by setting TCLK and/or RCLK in 
T2CON. As the baud rate generator Timer 2 
is incremented at V 2 the oscillator frequency. 


ENHANCED UART 

The 87C51 FB UART has all of the 
capabilities of the standard 80C51 UART plus 
Framing Error Detection and Automatic 
Address Recognition. As in the 80C51, all 
four modes of operation are uspported as 
well as the 9th bit in modes 2 and 3 that can 
be used to facilitate multiprocessor 
communication. 

The Framing Error Detection allows the 
UART to look for missing stop bits. If a Stop 
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bit is missing, the FE bit in the SCON SFR is 
set. The FE bit can be checked after each 
transmission to detect communication errors. 
The FE bit can only be cleared by software 
and is not affected by a valid stop bit. 

Automatic Address Recognition is used to 
reduce the CPU service time for the serial 
port. The CPU only needs to service the 
UART when it is addressed and, with this 
done by the on-chip circuitry, the need for 
software overhead is greatly reduced. This 
mode works similar to the 9th bit 
communication mode, except that uses only 
8 bits and the Stop bit is used to cause the Rl 
bit to be set. There are two SFRs associated 
with this mode. They are SAD DR, which 
holds the slave address and SADEN, which 
contains a mask that allows selective 
masking of the slave address so that 
broadcast addresses can be used. 


PROGRAMMABLE COUNTER 
ARRAY 

The PCA is a sophisticated free-running 
16 bit Timer/Counter that drives 5 modules 
that can be individually configured as Capture 
inputs, software timers, high speed outputs, 
or pulse width modulated outputs. In addition, 
module 4 can be configured as a software 
controlled watchdog timer. 

The Timer protion of the PCA can be 
configured to run In one of four different 
modes. The modes are; V2 the osdilator 
frequency, V4 the oscillator frequency, 

Timer 0 overflows, or from the ECl input. 

For the Capture/Compare mode each of the 
modules has a pair of registers associated 
with it called CCAPnH and CCAPnL (where 
n = 0, 1 , 2, 3, 4 depending on the module). 
Both positive and negative transitions can be 
captured. This means that the PCA has the 
flexibility to measure phase differences, duty 
cycles, pulse widths and a wide variety of 
other digital pulse characteristics. 

In the 1 6-bit software timer mode each of the 
modules can generate an interrupt upon a 
compare. 

For applications that require accurate pulse 
widths and edges the PCA modules can be 
used as High Speed Outputs (HSO). The 
PCA toggles the appropriate CEXn pin when 
there is a match between the PCA timer and 
the modules compare registers. 

The pulse width modulator mode for the PCA 
allows tha conversion of digital information 
into analog signals. Each of the 5 modules 
can be used in this mode. The frequency of 
the PWM depends on the clock source for the 
PCA, The 8-bit PWM output Is generated by 
comparing the low byte of the PCA (CL) with 


thge module's CCAPnL SFR. When 
CL < CCAPnL, the output is high. When 
CL > CCAPnL, the output is low. 


POWER OFF FLAG 

The Power Off Flag (POF) is set by on-chip 
circuitry when the Vcc level on the 87C51 FB 
rises from 0 to 5V. The POF bit can be set or 
cleared by software allowing a user to 
determine if the reset is the result of a 
power-on or a warm start after powerdown. 
The Vcc level must remain above 3V for the 
POF to remain unaffected by the Vcc level. 


OSCILLATOR 

CHARACTERISTICS 

XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator. 

To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

Reset 

A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on Vcc and RST must 
come up at the same time for a proper 
start-up. 

Idle Mode 

In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 

Power-Down Mode 

To save even more power, a Power Down 
mode can be invoked by software. In this 


mode, the oscillator is stopped and the 
instruction that invoked Power Down is the 
last Instruction executed. The on-chip RAM 
and Special Function Registers retain their 
values until the Power Down mode is 
terminated. 

On the 87C51 FB either a hardware reset or 
external interrupt can use an exit from Power 
Down. Reset redefines all the SFRs but does 
not change the on-chip RAM. An external 
interrupt allows both the SFRs and the 
on-chip RAM to retain their values. 

To properly terminate Power Down the reset 
or external interrupt should not be executed 
before Vcc is restored to its normal operating 
level and must be held active long enough for 
the oscillator to restart and stabilize (normally 
less than 10ms). 

With an external interrupt, INTO and INTI 
must be enabled and configured as 
level-sensitive. Holding the pin low restarts 
the oscillator but bringing the pin back high 
completes the exit. Once the interrupt is 
serviced, the next instruction to be executed 
after RETI will be the one following the 
instruction that put the device into Power 
Down. 

Design Consideration 

• When the idle mode is terminated by a 
hardware reset, the device normally 
resumes program execution, from where it 
left off, up to two machine cycles before the 
internal rest algorithm takes control. 
On-chip hardware inhibits access to 
internal RAM in this event, but access to 
the port pins is not inhibited. To eliminate 
the possibility of an unexpected write when 
Idle is terminated by reset, the instruction 
following the one that invokes Idle should 
not be one that writes to a port pin or to 
external memory. 

ONCE^m Mode 

The ONCE (“On-Circuit Emulation") Mode 
facilitates testing and debugging of systems 
using the 87C51 FB without the 87C51 FB 
having to be removed from the circuit. The 
ONCE Mode is invoked by: 

1 . Pull ALE low while the device is in reset 
and PSEN is high; 

2. Hold ALE low as RST is deactivated. 

While the device is in ONCE Mode, the Port 0 
pins go Into a float state, and the other port 
pins and ALE and PSEN are weakly pulled 
high. The oscillator circuit remains active. 
While the 87C51 FB is in this mode, an 
emulator or test CPU can be used to drive 
the circuit. Normal operation Is restored when 
a normal reset is applied. 
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Table 1. External Pin Status During idie and Power-Down Mode 


MODE 

PROGRAM 

MEMORY 

ALE 

PSER 

PORTO 

PORT1 

PORT 2 

PORT 3 

Idle 

Internal 

1 

1 

Data 

Data 

Data 

Data 

Idle 

External 

1 

1 

Float 

Data 

Address 

Data 

Power-down 

Internal 

0 

0 

Data 

Data 

Data 

Data 

Power-down 

External 

0 

0 

Float 

Data 

Data 

Data 


ABSOLUTE MAXiMUM RATINGS^ - ^ ^ 


PARAMETER 

RATING 

UNIT 

Operating temperature under bias 

0 to +70 or -40 to +85 

°C 

Storage temperature range 

-65 to +150 

°C 

Voltage on ETWpp pin to Vss 

0 to +13.0 

V 

Voltage on any other pin to Vss 

-0.5 to +6.5 

V 

Maximum Iql per I/O pin 

15 

mA 

Power dissipation (based on package heat transfer limitations, not 
device power consumption) 

1.5 

W 


NOTES: 


1 . Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


Electrical Deviations from Commercial Specifications for Extended Temperature Range 

DC and AC parameters not included here are the same as in the commercial temperature range table. 

DC ELECTRICAL CHARACTERISTICS 

Tamb = -40°C to +85°C, Vcc = 5V ±10%, Vqs = ov 




TEST 

LIMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

MAX 

UNIT 

VlL 

Input low voltage, except EA 


-0.5 

0.2Vcc-0.15 

V 

V,L1 

Input low voltage to EA 


0 

0.2Vcc-O.35 

V 

V|H 

Input high voltage, except XTAL1 , RST 


0.2VCC+1 

Vcc+0.5 

V 

VlH1 

Input high voltage to XTAL1, RST 


0.7Vcc+0.1 

Vcc+0.5 

V 

IlL 

Logical 0 input current, ports 1,2,3 

ViN = 0.45V 


-75 

pA 

Itl 

Logical 1-to-O transition current, ports 1 , 2, 3 

ViN = 2.0V 


-750 

pA 

Icc 

Power supply current: 

Vcc = 4.5-5.5V. 





Active mode 

Frequency range = 


19 

mA 


Idle mode 

3.5 to 16MHz 


6 

mA 


Power-down mode 



50 

pA 
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DC ELECTRICAL CHARACTERISTICS 

Tamb = to +70°C or ^0°C to +85°C, Vcc = 5V ±10%, Vss = OV 




TEST 

LIMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYPi 

MAX 

UNIT 

V|L 

Input low voltage, except 


-0.5 


0.2Vcc-0.1 

V 

VlL1 

Input low voltage to EA^ 


0 


0.2Vcc-0-3 

V 

V|H 

Input high voltage, except XTAL1 , RST^ 


0.2Vcc+0.9 


Vcc+0.5 

V 

V,H1 

Input high voltage, XTAL1, RST^ 


O.TVcc 


Vcc+0.5 

V 

VoL 

Output low voltage, ports 1 . 2, 3® 

Iql = 1 OOpA 



0.3 

V 



Iql = 1 -6mA^ 



0.45 

V 



Iql = 3.5mA 



1.0 

V 

Vqli 

Output low voltage, port 0, ALE, PSEN® 

Iql = 200pA 



0.3 

V 



loL = 3.2mA2 



0.45 

V 



Iql = 7.0mA 



1.0 

V 

VOH 

Output high voltage, ports 1,2,3, ALE, PSEN® 

ioH = -60pA, 

Vcc -1-5 



V 



Iqh = -30jjA 

Vcc -0.7 



V 



•oh = -10pA 

Vcc -0.3 



V 

VoHI 

Output high voltage (port 0 in external bus mode), 

•oh = —7.0mA, 

Vcc -1.5 



V 


ALE^o, PSEN® 

Iqh — —3.2mA 

Vcc -0.7 



V 



Iqh = -200pA 

Vcc -0.3 



V 

l|L 

Logical 0 input current, ports 1 , 2, 3^ 

V|N = 0.45V 



^0 

pA 

Itl 

Logical 1-to-O transition current, ports 1 , 2, 3^ 

See note 4 



-650 

pA 

Ili 

Input leakage current, port 0 

0.45 V|N < 

Vcc -0.3 



±10 

pA 

•cc 

Power supply current;^ 

Active mode (2) 16MHz^ 

See note 6 


15 

25 

mA 


Idle mode <2> 16MHz 



3 

5 

mA 


Power-down mode 



10 

75 

pA 

Rrst 

Internal reset pull-down resistor 


50 


225 

kn 

C|o 

Pin capacitance^^ (except EA) 




15 

pF 


NOTES: 

1 . Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 

2. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VqlS of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-O transitions during bus operations. In the 
worst cases (capacitive loading > lOOpF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. Iql can exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 

3. Capacitive loading on ports 0 and 2 may cause the Vqh on ALE and PSEN to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 

4. Pins of ports 1 , 2 and 3 source a transition current when they are being externally driven from 1 to 0. The transition current reaches its 
maximum value when V|n is approximately 2V. 

5. IccMAX St other frequencies is given by: Active mode: Iccmax = 1 -50 x FREQ + 8: Idle mode: Iccmax = 0.14 x FREQ +2.31 , 
where FREQ is the external oscillator frequency in MHz. Iccmax <s given in mA. See Figure 8. 

6. See Figures 9 through 1 2 for Ice test conditions. 

7. These values apply only to Tamb = 0°C to +70 °C. For Tamb = -40°C to +85°C, see table on previous page. 

8. Load capacitance for port 0, ALE, and PSEN = 1 0OpF, load capacitance for all other outputs = 80pF. 

9. Under steady state (non-transient) conditions, Iql must be externally limited as follows: 

Maximum Iql per port pin: 15mA (*NOTE; This is 85°C specification.) 

Maximum Iql per 8-bit port; 26mA 

Maximum total Iql for all outputs: 71 mA 

If Iql exceeds the test condition, Vql may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 

10. ALE is tested to Vqhi, except when ALE is off then Vqh is the voltage specification. 

11. Pin capacitance is less than 25pF. Pin capacitance of ceramic package is less than 15pF (except EA it is 25pF). 
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AC ELECTRICAL CHARACTERISTICS 

Tamb = 0°C to +70°C or -40°C to +85°C. Vcc = 5V ±10%. Vgs = OV^- 2 . 3 


SYMBOL 

FIGURE 

PARAMETER 

16 MHz CLOCK 

VARIABLE CLOCK 

UNIT 

MIN 

MAX 

MIN 

MAX 

1/tCLCL 

1 

Oscillator frequency 



3.5 

16 

MHz 

tlHLL 

1 

ALE pulse width 

85 


2tcLCL-^0 


ns 

tAVLL 

1 

Address valid to ALE low 

22 


tcLCL~40 


ns 

flLAX 

1 

Address hold after ALE low 

32 


tCLCL-30 


ns 

tlLIV 

1 

ALE low to valid instruction in 


150 


4tcLCL-100 

ns 

tlLPL 

1 

ALE low to PSEN low 

32 


tcLCL-30 


ns 

tPLPH 

1 

PSEN pulse width 

142 


3tcLCL-45 


ns 

tpLIV 

1 

PSEN low to valid instruction in 


82 


3tcLCL-1 05 

ns 

tpxix 

1 

Input instruction hold after PSEN 

0 


0 


ns 

tpxiz 

1 

Input Instruction float after PSEN 




tCLCL-25 


tAVlV 

1 

Address to valid instruction in 


207 


5tcLCL-1 05 

ns 

tPLAZ 

1 

PSEN low to address float 


10 


10 

ns 

Data Memory | 

tRLRH 

2.3 

HD pulse width 

275 


6tcLCL“'l 00 


ns 


2.3 

WR pulse width 

275 


6tcLCL-1 00 


ns 

|]3S0liiii 

2. 3 

HD low to valid data in 


147 



ns 

tRHDX 

2.3 

Data hold after HD 

0 


0 


ns 

tRHDZ 

2. 3 

Data float after HD 


65 


2tcLCL-60 

ns 

tlLDV 


ALE low to valid data in 




8tcLCL~1 30 

ns 

fAVDV 

2. 3 

Address to valid data in 


397 


35 

ns 

flLWL 

2. 3 

ALE low to HD or WR low 


237 

3tcLCL-50 

3tcLCL+50 

ns 


mom 

Address valid to WH low or HD low 

■Bl 


4tcLCL-T5 



tQVWX 


Data valid to WR transition 

42 


1clcl-20 


ns 

tWHQX 

2. 3 

Data hold after WH 

42 


tcLCL-20 


ns 

fQVWH 

3 

Data valid to WH high 

287 


7tcLCL-150 


ns 

tRLAZ 

2. 3 

HD low to address float 


0 


0 

ns 

tWHLH 

2, 3 

HD or WH high to ALE high 

40 

87 

tcLCL”20 

tcLCL+25 

ns 

External Clock | 

tcHCX 

5 

High time 

12 


20 


ns 

tCLCX 

5 

Low time 

12 


20 


ns 

tCLCH 

5 

Rise time 


20 


20 

ns 

^HCL 

5 

Fall time 


20 


20 

ns 

Shift Register | 

tXLXL 

4 

Serial port clock cycle time 

1 


■|2tcLCL 


ps 

fQVXH 

4 

Output data setup to clock rising edge 

492 


^0tcLCL~^33 


ns 

tXHQX 

4 

Output data hold after clock rising edge 

8 




ns 

tXHDX 

4 

Input data hold after clock rising edge 

0 


0 


ns 

fXHDV 

4 

Clock rising edge to input data valid 


492 


"•OtcLCL-lOO 

ns 


NOTES: 


1 . Parameters are valid over operating te mpera ture range unless otherwise specified. 

2. Load capacitance for port 0, ALE, and PSEN = 1 0OpF, load capacitance for all other outputs = 80pF. 

3. Interfacing the 87C51 FB to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 
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EXPLANATION OF THE AC SYMBOLS 

P - P^EN 


Each timing symbol has five characters. The 
first character is always ‘t’ (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 

A - Address 
C — Glock 
D - Input data 
H - Logic level high 

I - Instruction (program memory contents) 

L - Logic level low, or ALE 


Q- Output data 
R - RTJ signal 
t - Time 
V - Valid 
W~ WR signal 

X - No longer a valid logic level 
2 - Float 

Examples: Iavll = Tinne for address valid to 
ALE low. 

tLLPL = Time for ALE low to 
PSEN low. 



Figure 1. External Program Memory Read Cycle 
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Figure 3. External Data Memory Write Cycle 


INSTRUCTION | o | 1 | 2 | 3 [ 4 | 5 | 6 | 7 | 8 | 

|<- txLXL — 


INPUT DATA 

CLEAR Rl 




VAUDX Xvaudx XyAUDX XaudX XvauDX XVALIDX XALIDX XAUD> 


Figure 4. Shift Register Mode Timing 
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NOTE: 

AC inputs during testing are driven at Vcc -0-5 for a logic ‘1 ‘ and 0.45V for a logic ‘O’. 
Timing measurements are made at V||_| min for a logic ‘1 ' and V|i_ for a logic 'O'. 


Figure 6. AC Testing Input/Output 


VLOAD-rt>-1V^ TIMING ^ ^ Vqm 

VlOAD C REFERENCE > 

VlqaiH).1v X^ ^ VoL 

NOTE: 

For timing purposes, a port is no longer floating when a 100mV change from load 
voltage occurs, and begins to float when a lOOmV change from the loaded Vqh/ 
VoL level occurs. Iqh/IQL 2 .± 20mA. 

Figure 7. Float Waveform 



MAX ACTIVE MODE 
ICCMAX=1» XFREQ.H 


TYP ACTIVE MODE 
0.9 XFREQ.+ 2.5 


4MHz 8MHz 12MHz 16MHz 


Figure 8. Ice vs. FREQ Valid only within frequency specifications of the device under test 
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Figure 9. Ice Test Condition, Active Mode 
All other pins are disconnected 


Figure 10. Iqc Test Condition, Idle Mode 
All other pins are disconnected 



Figure 11 . Clock Signal Waveform for Ice Tests in Active and Idle Modes 
tCLCH = tcHCL = 5ns 



Figure 12. lee Test Condition, Power Down Mode 
All other pins are disconnected. Vee = 2V to 5.5V 
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EPROM CHARACTERISTICS 

The 87C51 FB is programmed by using a 
modified Quick-Pulse Programming^^ 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALE/PROG pulses. 

The 87C51 FB contains two signature bytes 
that can be read and used by an EPROM 
programming system to Identify the device. 
The signature bytes identify the device as an 
87C51 FB manufactured by Philips. 

Table 2 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the secuity bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 13 and 14. Figure 15 shows 
the circuit configuration for normal program 
memory verification. 

Quick-Puise Programming 

The setup for microcontroller quick-pulse 
programming is shown in Figure 13. Note that 
the 87C51 FB is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 

The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 13. The code byte to be 
programmed into that location is applied to 
port 0. RST, PSEN and pins of ports 2 and 3 
specified in Table 2 are held at the ‘Program 
Code Data' levels indicated in Table 2. The 
ALE/PROG is pulsed low 25 times as shown 
in Figure 14. 


To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 1 FH, using the ‘Pgm 
Encryption Table’ levels. Do not forget that 
after the encryption table Is programmed, 
verification cycles will produce only encrypted 
data. 

To program the security bits, repeat the 25 
pulse programming sequence using the ‘Pgm 
Security Bit’ levels. After one security bit is 
programmed, further programming of the 
code memory and encryption table is 
disabled. However, the other security bit can 
still be programmed. 

Note that the EAA/pp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 

Program Verification 

If security bit 2 has not been programmed, 
the on-chip program memory can be read out 
for program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown In 
Figure 15. The other pins are held at the 
‘Verify Code Data’ levels indicated in Table 2. 
The contents of the address location will be 
emitted on port 0. External pull-ups are 
required on port 0 for this operation. 

If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table Itself cannot be read out. 


Reading the Signature Bytes 

The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 

(030H) = 15H indicates manufactured by 
Philips 

(031 H) = B2H indicates 87C51FB 

Program/Verify Algorithms 

Any algorithm in agreement with the 
conditions listed in Table 2, and which 
satisfies the timing specifications, is suitable. 

Erasure Characteristics 

Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, it 
is recommended that an opaque iabei be 
piaced over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
ISW-s/cm^. Exposing the EPROM to an 
ultraviolet lamp of 1 2,000pW/cm2 rating for 
20 to 39 minutes, at a distance of about 
1 inch, should be sufficient. 

Erasure leaves the array in an all 1 s state. 


Table 2. EPROM Progamming Modes 


MODE 

RST 

PSER 

ALE/PROG 

EK/Wpp 

P2.7 

P2.6 

P3.7 

P3.6 

Read signature 

1 

0 

1 

1 

0 

0 

0 

0 

Program code data 

1 

0 

0* 

Vpp 

1 

0 

1 

1 

Verify code data 

1 

0 

1 

1 

0 

0 

1 

1 

Pgm encryption table 

1 

0 

0* 

Vpp 

1 

0 

1 

0 

Pgm security bit 1 

1 

0 

0* 

Vpp 

1 

1 

1 

1 

Pgm security bit 2 

1 

0 

0* 

Vpp 

1 

1 

0 

0 


NOTES; 

1 . ‘0’ = Valid low for that pin, ' 1 ’ = valid high for that pin. 

2. Vpp = 12.75V ±0.25V. 

3. Vcc = 5V±1 0% during programming and verification. 

* ALE/PROG receives 25 programming pulses while Vpp is held at 1 2.75V. Each programming pulse is low for lOOps (±1 Ops) and high for a 
minimum of lOps. 


^“Trademark phrase of Intel Corporation. 
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l^C bus addresses 


87C51 FB 



“LTLrLT 


Figure 1 4. PROG Waveform 


Vcc 

PI 

KU 

RST 

EX/Vpp 

P3.6 

ALE/PROG 

P3.7 

87CS1FB P5ER 

XTAL2 

P2.7 


P2.6 

XTALl 

P2.0-P2.5 

Vss 



PGM DATA 

1 


Figure 15. Program Verification 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 

Tamb = 21 °C to 4-27°C, Vcc = 5V+10%, Vss = OV (See Figure 16) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Vpp 

Programming supply voltage 

12.5 

13.0 

V 

Ipp 

Programming supply current 


50 

mA 

1/tcLCL 

Oscillator frequency 

4 

6 

MHz 

tAVGL 

Address setup to PROG low 

48tcLCL 



tcHAX 

Address hold after PROG 

48tcLCL 



bVGL 

Data setup to PROG low 

48tcLCL 




Data hold after PROG 

48tcLCL 




P2.7 (ENABLE) high to Vpp 

48tcLCL 




Vpp setup to PROG low 

10 


ps 

tGHSL 

Vpp hold after PROG 

10 


PS 


PROG width 

90 

110 

ps 


Address to data valid 


48tcLCL 


tELQZ 



48tcLCL 


^EHOZ 


0 

48tcLCL 


kSHGL 


10 


ps 
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8XC52 overview 


80C51 Family Derivatives 


8XC52 OVERVIEW 

The 8XC52 is identical to the 8XC51, 
respectively, except for added features. The 
8XC52 has: 

• 8k ROM (80C52 only) 

• 256 bytes RAM 

• Counter/timer 2 

As a result, there are some additions to the 
interrupt structure, I/O pin alternate functions, 
and baud rate generation for the serial 
channel. 

Since the similarity is so close, only the 
additional features of the 8XC52 are 
described. Where necessary, some repetition 
of 80C51 Information will be made for the 
sake of clarity. The 8XC52 is pin for pin and 
fully code compatible with the 80C51 . 


Differences From the 80C51 

Program Memory 

The data and program memory are organized 
virtually identically to the 80C51 . The 80C52 
possesses 8k bytes of on-chip program 
memory. When EA is high, the 80C52 fetches 
instructions from the internal ROM unless the 
address exceeds 1 FFFh. Locations 2(X)0H to 
FFFFH are fetched from external program 
memory. When EA is held low all instruction 
fetches are from external memory. The 
program memory space is shown in Figure 1. 

The data memory organization is identical to 
the 80C51 except that the 80C52 has an 
additional 128 bytes of RAM overlapped with 
the special functio register space. This 
additional RAM is addressed using indirect 
addressing only and is available as stack 
space. The 80C52 data memory space is 
shown in Figure 2. 


Special Function Registers 

The special function register space is the 
same as the 80C51 except that the 80C52 
contains the additional special function 
registers T2CON, RCAP2L, RCAP2H. TL2, 
and TH2. Since the standard 80C51 on-chip 
functions are identical in the 80C52, the SFR 
locations, bit locations, and operation are 
likewise identical. The only exceptions are in 
the interrupt mode and interrupt priority SFRs 
(see Table 1). 

Timer/Counters 

In addition to timer/counters 0 and 1 of the 
80C51 , the 80C52 contains timer/counter 2. 
Like timers 0 and 1 , timer 2 can operate as 
either an event timer or as an event counter. 
This is selected by bit C/T2 in the special 
function register T2CON (see Figure 3). It 
has three operating modes; capture, 
auto-load, and baud rate generator, which are 
selected by bits in the T2CON as shown in 
Table 2. 
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In the Capture Mode there are two options 
which are selected by bit EXEN2 in T2CON. 

If EXEN2 = 0, then Timer 2 is a 16-bit timer or 
counter which upon overflowing sets bit TF2, 
the Timer 2 overflow bit, which can be used 
to generate an interrupt. If EXEN2 = 1 , then 
Timer 2 still does the above, but with the 
added feature that a 1 -to-0 transition at 
external input T2EX causes the current value 
in the Timer 2 registers, TL2 and TH2, to be 
captured into registers RCAP2L and 
RCAP2H, respectively. (RCAP2L and 
RCAP2I-I are new special function registers in 
the 80C52.) In addition, the transition at 
T2EX causes bit EXF2 in T2CON to be set, 
and EXF2 like TF2 can generate an interrupt. 
The Capture Mode is illustrated in Figure 4. 

In the auto-reload mode, there are again two 
options, which are selected by bit EXEN2 in 
T2CON. If EXEN2 = 0, then when Timer 2 
rolls over it not only sets TF2 but also causes 
the Timer 2 registers to be reloaded with the 
16-bit value in registers RCAP2L and 
RCAP2H, which are preset by software. If 
EXEN2 = 1 , then Timer 2 still does the above, 
but with the added feature that a 1-to-O 


Figure 2. 80C52 Data Memory 

transition at external input T2EX will also 
trigger the 16-bit reload and set EXF2. The 
auto-reload mode Is illustrated in Figure 5. 

The baud rate generation mode is selected 
by RCLK = 1 and/or TCLK = 1 . It will be 
described in conjunction with the serial port. 

Serial Port 

The serial port of the 8XC52 is identical to 
that of the 80C51 except that counter/timer 2 
can be used to generate baud rates. 

In the 80C52, Timer 2 is selected as the baud 
rate generator by setting TCLK and/or RCLK 
in T2CON (see Figure 3). Note that the baud 
rate for transmit and receive can be 
simultaneously different. Setting RCLK and/or 
TCLK puts Timer into its baud rate generator 
mode, as shown in Figure 6. 

The baud rate generator mode is similar to 
the auto-reload mode, in that a rollover in 
TH2 causes the Timer 2 registers to be 
reloaded with the 16-bit value in registers 
RCAP2H and RCAP2L, which are preset by 
software. 


Now, the baud rates in Modes 1 and 3 are 
determined by Timer 2’s overflow rate as 
follows: 

Modes 1 , 3 Timer 2 Overflow Rate 
Baud Rate 

The timer can be configured for either “timer" 
or “counter” operation. In the most typical 
applications, it is configured for “timer” 
operation (C/T2 = 0). “Timer” operation is a 
little different for Timer 2 when it’s being used 
as a baud rate generator. Normally, as a timer 
it would increment every machine cycle (thus 
at 1/1 2 the oscillator frequency). As a baud 
rate generator, however, it increments every 
state time (thus at 1/2 the oscillator 
frequency). In that case the baud rate is 
given by the formula: 

Modes 1,3 _ Oscillator Frequency 

Baud Rate " 32x[65536 - {RCAP2H. RCAP2L); 

where (RCAP2H, RCAP2L) is the content of 
RCAP2H and RCAP2L taken as a 16-bit 
unsigned integer. 
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80C51 Family Derivatives 


8XC52 overview 


EXF2 RCLK TCLK EXEN2 TR2 C/T5 CP/RC 


Name and Significance 


Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by 
software. TF2 will not be set when either RCLK or TCLK = 1. 

Timer 2 external flag set when either a capture or reload is caused by a 
negative transition on T2EX and EXEN2 = 1. When Timer 2 interrupt is enabled, 
EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt routine. EXF2 
must be cleared by software. 

Receive clock flag. When set, causes the serial port to use Timer 2 overflow 
pulses for its receive clock in modes 1 and 3. RCLK = 0 causes Timer 1 
overflow to be used for the receive clock. 

Transmit clock flag. When set, causes the serial port to use Timer 2 overflow 
pulses for its transmit dock in modes 1 and 3. TCLK = 0 causes Timer 1 
overflows to be used for the transmit clock. 

Timer 2 external enable flag. When set, allows a capture or reload to occur as a 
result of a negative transition on T2EX if Timer 2 is not being used to clock the 
serial port EXEN2 = 0 causes Timer 2 to ignore events at T2EX. 

Start/stop control for Timer 2. A logic 1 starts the timer. 

Timer or counter select. (Timer 2) 

0 = Internal timer (OSC/12) 

1 = External event counter (falling edge triggered). 

Capture/Reload flag. When set, captures will occur on negative transitions at 
T2EX if EXEN2 = 1. When cleared, auto-reloads will occur either with Timer 2 
overflows or negative transitions at T2EX when EXEN2 = 1. When either RCLK 
= 1 or TCLK = 1. this bit is ignored and the timer is forced to auto-reload on 
Timer 2 overflow. 


Timer/Counter 2 (T2CON) Control Register 
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80C51 Family Derivatives 


8XC52 overview 





EiH 

TCL 

UEh 


RX Clock 

TCLK 


EXF2 ► 


I Control 
EXEN2 

Note availability of acklitional external interrupt 

Figure 6. Timer 2 in Baud Rate Generator Mode 
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8XC52 overview 


Table 1 . 8XC52 Special Function Registers 


SYMBOL 

DESCRIPTION 

DIRECT 

ADDRESS 

BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 

MSB LSB 

RESET 

VALUE 

ACC* 

Accumulator 

EOH 

E7 

E6 

E5 

E4 

E3 

E2 

El 

EO 

OOH 

B* 

B register 

FOR 

F7 

F6 

F5 

F4 

F3 

F2 

FI 

FO 

OOH 

DPTR: 

Data pointer (2 bytes) 











DPH 

Data pointer high 

83H 









OOH 

DPL 

Data pointer low 

82H 









OOH 




AF 

AE 

AD 

AC 

AB 

AA 

A9 

A8 


IE* 

Interrupt enable 

A8H 

EA 


ET2 

ES 

ET1 

EX1 

ETO 

EXO 

OxOOOOOOB 




BF 

BE 

BD 

BC 

BB 

BA 

B9 

B8 


IP* 

Interrupt priority 

B8H 

_ 

- 

PT2 

PS 

PT1 

PX1 

PTO 

PXO 

xxOOOOOOB 




87 

86 

85 

84 

83 

82 

81 

80 


PO* 

Port 0 

80H 

AD7 

AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 

FFH 




97 

96 

95 

94 

93 

92 

91 

90 


PI* 

Port 1 

90H 






- 

T2EX 

T2 

FFH 




A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 


P2* 

Port 2 

AOH 

A15 

A14 

A13 

A12 

A11 

A10 

A9 

A8 

FFH 




B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 


P3* 

Ports 

BOH 

RO 

WR 

T1 

TO 

TNTT 

INTU 

TxD 

RxD 

FFH 

PCON^ 

Power control 

87H 

SMOD 

- 

- 

- 

GF1 

GFO 

PD 

IDL 

OxxxxxxxB 




D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 


PSW* 

Program status word 

DOH 

CY 

AC 

FO 

RSI 

RSO 

OV 

- 

P 

OOH 

RCAP2H# 

Capture high 

CBH 









OOH 

RCAPL# 

Capture low 

CAH 









OOH 

SBUF 

Serial data buffer 

99H 









xxxxxxxxB 




9F 

9E 

9D 

9C 

9B 

9A 

99 

98 


SCON* 

Serial controller 

98H 

SMO 

SMI 

SM2 1 

1 REN 1 

1 TB8 

RB8 


I Rl 

OOH 

SP 

Stack pointer 

81 H 









07H 




8F 

8E 

8D 

8C 

8B 

8A 

89 

88 


ICON* 

Timer control 

88H 

TF1 

TR1 

TFO 

TRO 

IE1 

IT1 

lEO 

ITO 

OOH 




CF 

CE 

CD 

CC 

CB 

CA 

C9 

C8 


T2CON*# 

Timer 2 control 

C8H 

TF2 I 

EXF2 

1 RCLK 

TCLK 

EXEN2 

TR2 

C/T2 

CP/RE5 

OOH 

THO 

Timer high 0 

8CH 









OOH 

TH1 

Timer high 1 

SDH 









OOH 

TH2# 

Timer high 2 

CDH 









OOH 

TLO 

Timer low 0 

8AH 









OOH 

TL1 

Timer low 1 

8BH 









OOH 

TL2# 

Timer low 2 

CCH 









OOH 

TMOD 

Timer mode 

89H 

GATE I 

1 C/T 1 

Ml 1 

MO 1 

1 GATE 1 

C/T 1 

M1 I 

MO 

OOH 


* Bit addressable 

# SFRs are modified from or added to the 80C51 SFRs. 

^ Bits GF1, GFO, PD, and IDL of the PCON register are not implemented in the NMOS 8XC52. 
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Table 2. Timer 2 Operating Modes 


RCLK + RCLK 

CP/Rt5 

TR2 

MODE 

0 

0 

1 

16-bit Auto-reload 

0 

1 

1 

16-bit Capture 

1 

X 

1 

Baud rate generator 

X 

X 

0 

(off) 


Timer 2 as a baud rate generator is shown in 
Figure 6. This figure is valid only if RCLK + 
TCLK = 1 in T2CON. Note that a rollover in 
TH2 does not set TF2, and will not generate 
an interrupt. Therefore, the Timer 2 interrupt 
does not have to be disabled when Timer 2 is 
in the baud rate generator mode. Note too, 
that if EXEN2 is set, a 1-to-O transition in 
T2EX will set EXF2 but will not cause a 
reload from (RCAP2H, RCAP2L) to (TH2, 
TL2). Thus when Timer 2 is in use as a baud 
rate generator, T2EX can be used as an extra 
external interrupt, if desired. 

It should be noted that when Timer 2 is 
running (TR2 = 1) in “timer” function in the 
baud rate generator mode, one should not try 
to read or write TH2 or TL2. Under these 
conditions the timer is being incremented 
every state time, and the results of a read or 
write may not be accurate. The RCAP 
registers may be read, but should not be 
written to, because a write might overlap a 
reload and cause write and/or reload errors. 
Turn the timer off (clear TR2) before 
accessing the Timer 2 or RCAP registers, in 
this case. 

The serial port in Modes 1 and 3 with the 
timer 2 baud rate interface is shown in 
Figures 7 and 8. 

Timer/Counter 2 Set-up 

Except for the baud rate generator mode, the 
values given for T2CON do not include the 
setting of the TR2 bit. Therefore, bit TR2 
must be set, separately, to turn the timer on. 
See Table 3 for set-up of timer 2 as a timer. 
See Table 4 for set-up of timer 2 as a counter. 


Using Timer/Counter 2 to Generate Baud 
Rates 

For this purpose. Timer 2 must be used in the 
baud rate generating mode. If Timer 2 is 
being clocked through pin T2 (P1.0) the baud 
rate is: 

Timer 2 Overflow Rate 

Baud Rate = 

16 

And if it is being clocked internally, the baud 
rate Is: 

Baud Oscillator Frequency 

Rate “ 32x[65536 - (RCAP2H, RCA2PL)] 

To obtain the reload value for RCAP2H and 
RCA02L, the above equation can be rewritten 
as: 

RCAP2H, ^ _ Oscillator Frequency 

RCAP2L 32 X Baud Rate 

Interrupts 

The 80C52 has 6 interrupt sources as shown 
in Figure 9. All except TF2 and EXF2 are 
identical sources to those in the 80C51. 

The Interrupt Enable Register and the 
Interrupt Priority Register are modified to 
include the additional 80C52 interrupt 
sources. The operation of these registers Is 
identical to the 80C51 . The registers are 
detailed in Figures 10, 11, and 12. 

In the 80C52, the Timer 2 Interrupt is 
generated by the logical OR of TF2 and 
EXF2. Neither of these flags is cleared by 
hardware when the service routine Is 
vectored to. In fact, the service routine may 


have to determine whether it was TF2 or 
EXF2 that generated the interrupt, and the bit 
will have to be cleared in software. 

All of the bits that generate interrupts can be 
set or cleared by software, with the same 
result as though it has been set or cleared by 
hardware. That is, interrupts can be 
generated or pending interrupts can be 
canceled in software. 


The interrupt vector addresses and the 
Interrupt priority for requests in the same 
priority level are given in the following: 



Source 

Vector 

Priority Within 



Address 

Level 

1. 

lEO 

0003H 

(highest) 

2. 

TFO 

OOOBH 


3. 

IE1 

0013H 


4. 

TF1 

001 BH 


5. 

Rl + TI 

0023H 


6. 

TF2 + EXF2 

002BH 

(lowest) 


Note that they are identical to those in the 
80C51 except for the addition of the Timer 2 
(TF1 and EXF2) interrupt at 002BH and at 
the lowest priority within a level. 

Port Structures 

The port structures are identical in both parts, 
except that on the 8XC52, ports PI .0 and 
PI .1 include the Timer 2 alternate functions 
as follows: 

P 1 .0 T2 (Timer/counter 2 external input) 

PI . 1 T2EX (Timer/counter 2 capture/ 
reload trigger) 

As with the 80C51 , these alternate functions 
can only be activated if the corresponding bit 
latch in the port SFR contains a 1 . 
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Table 3. Timer 2 as a Timer 


MODE 

T2CON 1 

INTERNAL CONTROL 
(Note 1) 

EXTERNAL CONTROL 
(Note 2) 

16-bit Auto-Reload 

OOH 

08H 

16-blt Capture 

01H 

09H 

Baud rate generator receive and transmit same baud rate 

34H 

36H 

Receive only 

24H 

26H 

Transmit only 

14H 

16H 


Table 4. Timer 2 as a Counter 


MODE 

TMOD 


INTERNAL CONTROL 

EXTERNAL CONTROL 


(Note 1) 

(Note 2) 

16-bit 

02H 

OAH 

Auto-Reload 

03H 

OBH 


NOTES: 

1 . Capture/reload occurs only on timer/counter overflow. 

2. Capture/reload occurs on timer/counter overflow and a 1-to-O transition on T2EX (P1 .1 ) pin except when timer 2 is used in the baud rate 
generator mode. 





imu — cf iTo 

^ lEO 1 ► 





TNTT — Cr ITI 

A 

► IE1 ► 

^ Interrupt 

' Sources 




TF1 



Ri ^ 



TF2 — T St, 

EXF2 —j ^ 

^ ] 


Figure 9. 80C52 Interrupt Sources 
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Figure 10, 80C52 interrupt Control System 


(MSB) (LSB) 


LfL 


ET2 

ES 

ETI 

EX1 

ETO 

EXO 


(MSB) (LSB) 


□ 

3 

PT2 

PS 

PT1 

PX1 

PTO 

PXO 


Symbol 

Position 

Function 

EA 

IE.7 

Disables all interrupts. If EA = 0, no interrupt 
will be acknowledged. If EA = 1, each interrupt 
source is individually enabled or disabled by 
setting or clearing its enable bit 


iE.6 

Reserved. 

ET2 

IE.5 

Enables or disables the Timer 2 Overflow or 
capture interrupt If ET2 = 0, the Timer 2 
interrupt is disabled. 

ES 

IE.4 

Enables or disables the Serial Port interrupt. If 
ES = 0, the Serial Port interrupt is disabled. 

ETI 

IE.3 

Enables or disables the Timer 1 Overflow 
interrupt. If ETi = 0, the Timer 1 interrupt is 
disabled. 

EXI 

IE.2 

Enables or disables External Interrupt 1. If EXI 
= 0, External Interrupt 1 is disabled. 

ETO 

IE.1 

Enables or disables the Timer 0 Overflow 
interrupt.. If ETO = 0, the Timer 0 interrupt is 
disabled. 


Symbol 

Position 

IP.7 

Function 

Reserved. 

- 

IP.6 

Reserved. 

PT2 

IP.5 

Defines the Timer 2 interrupt priority level. PT2 
= 1 programs it to the higher priority level. 

PS 

iP.4 

Defines the Serial Port interrupt priority level. 
PS = 1 programs it to the higher priority level. 

PTI 

IP.3 

Defines theTimer 1 interrupt priority level. PTi : 
1 programs it to the higher priority level. 

PX1 

IP.2 

Defines the External Interrupt 1 priority level. 
PXl = 1 programs it to the Ngher priority level. 

PTO 

IP.I 

Enables or disables the Timer 0 Interrupt 
priority level. PTO = 1 programs it to the higher 
priority level. 

PXO 

IP.O 

Defines the External Interrupt 0 priority level. 
PXO = 1 programs it to the higher priority level. 


EXO IE.0 Enables or disables External Interrupt 0. If EXO 

= 0, External Interrupt 0 is disabled. 


Figure 11. 80C52 Interrupt Enable (IE) Register 


Figure 12. 80C52 Interrupt Priority (IP) Register 
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Single-chip 8-bit microcontroller 


8032AH/8052AH 


DESCRIPTION 

The Philips 8032AH/8052AH is a 
high-performance microcontroller fabricated 
using the Philips high-density highly reliable 
+5V, depletion-load, N-channel, silicon-gate, 
N500 MOS process technology. It provides 
the hardware features, architectural 
enhancements and instructions that are 
necessary to make it a powerful and 
cost-effective controller for applications 
requiring up to 64k bytes of program memory 
and/or up to 64k bytes of data storage. 

The 8032AH/8052AH contains 256 bytes of 
read/write data memory, 32 I/O lines 
configured as four 8-bit ports, three 1 6-bit 
counter/timers, a six-source, two-priority-level 
nested interrupt structure, a programmable 
serial I/O port and on-chip oscillator and 
clock circuitry. The 8052AH has all of these 
features plus 8k bytes of non-volatile 
read-only program memory. Both 
miaocontrollers have memory expansion 
capabilities of up to 64k bytes of data storage 
and 64k bytes of program memory that can 
be attained with standard TTL compatible 
memories. 

Because of its extensive BCD/binary 
arithmetic and bit-handling facilities, the 
8032AH/8052AH microcontroller is efficient at 
both computational and control-oriented 
tasks. Efficient use of program memory is 
also achieved by using the familiar compact 
instruction set of the 8031 AH/8051 AH. 
Forty-four percent of the instructions are 
one-byte, 41% two-byte, and 15% three-byte 
instructions. With a 12MHz crystal, the 
majority of the instructions execute in just 
I.Ojis. The longest instructions, multiply and 
divide, require only 4ps at 12MHz. 


FEATURES 

• 8032AH — control-oriented CPU with RAM 
and I/O 

• 8052AH — an 8032AH with factory 
mask-programmable ROM 

• 8k X 8 ROM (8052AH only) 

• 256 X 8 RAM 

• Four 8-bit ports, 32 I/O lines 

• Three 1 6-bit timer/counters 

• Programmable full-duplex serial channel 

- Variable transmit/receive baud rate 
capability 

• Timer 2 capture capability 

• External memory 

- 64k ROM and 64k RAM 

• Boolean processor 

• 128 user bit-addressable locations 

• Upward compatible with 8031 AH/8051AH 
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Product specification 
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8032AH/8052AH 


ORDERING INFORMATION 


PHILIPS 

PHILIPS NORTH AMERICA 

TEMPERATURE 

°C 

AND PACKAGE 

FREQ. 

MHz 

ROMIess 

ROM 

Drawing 

Number 

ROMIess 

ROM 

Drawing 

Number 

MAB8032AH-2P 

MAB8052AH-2P 

soil 29 

SCN8032HCCN40 

SCN8052HCCN40 

0415C 

0 to +70, Plastic 
Dual In-lne 
Package 

12 

MAB8032AH-2WP 

MAB8052AH-2WP 

SOT187 

SCN8032HCCA44 

SCN8052HCCA44 

0403G 

0 to +70, Plastic 
Leaded Chip 
Carrier 

12 

MAF8032AH-2P 

MAF8052AH-2P 

son 29 

SCN8032HACN40 

SCN8052HACN40 

0415C 

-40 to +85, 
Plastic Dual 
In-Line Package 

12 

MAF8032AH-2WP 

MAF8052AH-2WP 

son 87 

SCN8032HACA44 

SCN8052HACA44 

0403G 

-40 to +85, 
Plastic Leaded 
Chip Carrier 

12 




SCN8032HCFN40 

SCN8052HCFN40 

041 5C 

0 to +70, Plastic 
Dual In-Line 
Package 

15 




SCN8032HCFA44 

SCN8052HCFA44 

0403G 

0 to +70, Plastic 
Leaded Chip 
Carrier 

15 




SCN8032HAFN40 

SCN8052HAFN40 

0415C 

-40 to +85, 
Plastic Dual 
In-Line Package 

15 




SCN8032HAFA44 

SCN8052HAFA44 

0403G 

^0 TO +85, 
Plastic Lead^ 
Chip Carrier 

15 


LOGIC SYMBOL 
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8032AH/8052AH 


PIN DESCRIPTION 



PIN NO. 



MNEMONIC 

DIP 

LCC 

TYPE 

NAME AND FUNCTION 

Vss 

20 

22 

I 

Ground: OV reference. 

Vcc 

40 

44 

I 

Power Supply: This is the power supply voltage for normal, idle, and power-down operation. 

PO.0-0.7 

39-32 

43^ 

I/O 

Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1s written to them float 
and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order address and 
data bus during accesses to external program and data memory. In this application, it uses strong 
internal pull-ups when emitting Is. 

P1.0-P1.7 

1-8 

2-9 

I/O 

Port 1 : Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. Pins PI .0 and PI .1 also 
correspond to the special functions T2, timer 2 counter trigger input, and T2EX, external Input to 
timer 2. the output latch on these two special functions must be programmed to one for that 
function to operate. Port 1 also receives the low-order address byte during program verification. 


1 

2 

I 

T2 (P1.0): Timer/counter 2 trigger input. 


2 

3 

I 

T2EX (P1.1): Timer/counter 2 external count input. 

P2.0-P2.7 

21-28 

24-31 

I/O 

Port 2: Port 2 is an 8-blt bidirectional I/O port with internal pull-ups. Port 2 emits the high-order 
address byte during fetches from external program memory and during accesses to external data 
memory that use 16-blt addresses (MOVX <a>DPTR). During accesses to external data memory 
that use 8-bit addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 

P3.0-P3.7 

10-17 

11. 

13-19 

I/O 

Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 also serves the special 
features of the SC80C51 family, as listed below: 


10 

11 

I 

RxD (P3.0): Serial input port 


11 

13 

O 

TxD (P3.1): Serial output port 


12 

14 

I 

INTO (P3.2); External interrupt 


13 

15 

I 

INTT (P3.3): External interrupt 


14 

16 

I 

TO (P3.4): Timer 0 external input 


15 

17 

I 

T1 (P3.5): Timer 1 external input 


16 

18 

O 

WR (P3.6): External data memory write strobe 


17 

19 

o 

RD (P3.7): External data memory read strobe 

RST 

9 

10 

I 

Reset: A high on this pin for two machine cydes while the oscillator is running, resets the device. 

A small external pull-down resistor (approx 8.2kohm) from RST to Vss permits power-on reset 
when a capacitor (approx lOuF) is also connected from this pin to Vcc- 

ALE 

30 

33 

I/O 

Address Latch Enable: Output pulse for latching the low byte of the address during an access to 
external memory. In normal operation, ALE is emitted at a constant rate of 1/6 the oscillator 
frequency, and can be used for external timing or clocking. Note that one ALE pulse is skipped 
during each access to external data memory. 

PSER 

29 

32 

o 

1 Program Store Enable: The read strobe to external program memory. When the device is 
executing code from the external program memory, PSEN is activated twice each machine cycle, 
except that two PSEN activations are skipped during each access to external data memory. PSEN 
is not activated during fetches from Internal program memory. 

EA 

31 

35 

! 

External Access Enable: EA must be externally held low to enable the device to fetch code from 
external program memory locations OOOOH and 1FFFH. If EA is held high, the device executes 
from internal program memory unless the program counter contains an address greater than 

1FFFH. 

XTAL1 

19 

21 

I 

Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 

XTAL2 

18 

20 

o 

Crystal 2: Output from the inverting oscillator amplifier. 


OSCILLATOR 

CHARACTERISTICS 

XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol. 

To drive the device from an external clock 
source, XTAL2 should be driven while XTAL1 


is connected to ground. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimunr; and maximum 
high and low times specified in the data sheet 
must be observed. 


RESET 

A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. 
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8032AH/8052AH 


ABSOLUTE MAXIMUM RATINGS^ 2, 3 


PARAMETER 

RATING 

UNIT 

Storage temperature range 

-65to-^150 

°C 

Voltage on any other pin to Vss 

-0.5 to +7.0 

V 

Input, output current on any single pin 

10 

mA 

Power dissipation 

1.5 

W 


DC ELECTRICAL CHARACTERISTICS 

Tamb = 0°C to -»-70°C or -40°C to +85°C, Vcc = 5V ±10%, Vss = OV^- ^ 




TEST 

LIMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

MAX 

UNIT 

ViL 

Input low voltage 


-0.5 

0.8 

V 

V,H 

Input high voltage; except XTAL2, RST 


2.0 

Vcc+0.5 

V 

V|H1 

Input high voltage to RST for reset, XTAL2 

XTAL1 to Vss 

2.5 

Vcc+0.5 

V 

VoL 

Output low voltage; ports 1,2,3® 

loL = 1 -GmA 


0.45 

V 


Output low voltage; port 0, ALE, PSEN® 

loL = 3.2mA 


0.45 

V 

VoH 

Output high voltage; ports 1 , 2, 3 

Iqh — — 80uA 

2.4 


V 

Vqhi 

Output high voltage; port 0 in external bus mode. ALE, 
PSEN3 

Iqi_i = — 400uA 

m 


V 

l|L 

Logical 0 input current; ports 1,2,3 

V|N = 0.45V 


-800 

uA 

l|H1 

Input high current to RST for reset 

V|N = Vcc — 1-5V 



uA 

lu 

Input leakage current; port 0, EA 

0.45 < ViN < Vcc 


±10 

uA 

i|L2 

Logical 0 input current for XTAL2 

XTAL1 = Vss. V,N = 0.45V 


-3.2 

mA 

•cc 

Power supply current 

All outputs disconnected 
and EA = Vcc 



mA 

Cio 

Pin c^acitance 

fc=1MHz,TarTt) = 25°C 


10 

pF 


Tamb = “40°C to +85°C - Extended temperature range, Vcc = 5V ±10%, Vss = OV 


ViH 

Input high voltage; except XTAL2, RST 


2.2 

Vcc+0 5 

V 

VlH1 

Input high voltage to RST for reset, XTAL2 

XTAL1 to Vss 

2.7 


V 


Logical 0 input current for XTAL2 

XTAL1 = Vss, Vin = 0.45V 


-3.5 

mA 


NOTES: 


1 . Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. For operating at elevated temperatures, the device must be derated based on +1 50°C maximum junction temperature. 

3. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

4. Parameters are valid over operating temperature range unless othenwise specified. All voltages are with respect to Vss unless otherwise 
noted. 

5. All voltage measurements are referenced to ground. For testing, all input signals swing between 0.45V and 2.4V with a transition time of 
20ns maximum. All time measurements are referenced at input voltages of 0.8V and 2.0V and at output voltages of 0.8V and 2.0V as 
appropriate. 

6. Vql is derated when the device rapidly discharges external capacitance. This AC noise is most pronounced during emission of address data. 
When using external memory, locate the latch or buffer as close as possible to the device. 

Emitting Degraded 

Datum Ports I/O Lines Vql (Peak Max) 

Address P2, PO P1,P3 0.8V 

Write Data PO P1,p3, ALE 0.8V 

7. Cl = lOOpF for port 0, ALE and PSEN outputs: Cl = 80pF for all other ports. 
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Product specification 


Single-chip 8-bit microcontroller 8032AH/8052AH 


AC ELECTRICAL CHARACTERISTICS 

Tamb = to +70°C or -40°C to -h85°C. Vcc = 5V ±10%. Vss = OVi- 2 




— 

12MHz CLOCK 

VARIABLE CLOCK 


SYMBOL 

FIGURE 

PARAMETER 

MIN 

MAX 

MIN 

MAX 

UNIT 

1/tCLCL 


Oscillator frequency: Speed Versions 
SCN8052 C 



3.5 

12 

MHz 



32MAB8052/32 -2 



3.5 

12 

MHz 



SCN8052 F 



3.5 

15 

MHz 



32MAF8052/32 -2 



3.5 

12 

MHz 

tLHLL 

1 

ALE pulse width 

127 


2tcLCL-40 


ns 

tAVLL 

1 

Address valid to ALE low 

43 


1clcl-40 


ns 

tLLAX 

1 

Address hold after ALE low 

48 


tCLCL-35 


ns 

fLLIV 

1 

ALE low to valid instruction in 






tLLPL 

1 

ALE low to PSEN low 

58 


fCLCL-25 


ns 

fpLPH 

1 

PSEN pulse width 

215 




ns 

fpLIV 

1 

PSEN low to valid instruction in 




3tcLCL“1 25 

ns 

tpxix 

1 

Input instruction hold after PSEN 

0 


0 



tpxiz 

1 

Input instruction float after PSEN 


63 


tcLCL-20 


Uviv 

1 

Address to valid instruction in 


302 


5tcLCL-115 


fpLAZ 

1 

PSEN low to address float 


20 


20 

ns 

fpXAV 

1 

PSEN to address valid 

75 


tCLCL-3 



Data Memory 

fRLRH 

2,3 

RD pulse width 

400 


3fcLCL~1 33 



twLWH 

2,3 

WR pulse width 

400 


3k;LCL“‘l30 



tRLDV 

2.3 

RD low to valid data in 


252 


5tcLCL-165 

ns 

tRHDX 

2.3 

Data hold after RD 

0 


0 


ns 

tRHDZ 


Data float after RD 


97 


2tcLCL-70 

ns 

tLLDV 

2.3 

ALE low to valid data in 


517 


8fCLCL“'l50 

ns 

tAVDV 

BEII 

Address to valid data in 


585 


9tcLCL-165 

ns 

fLLWL 


ALE low to RD or WR low 

200 



3tcLCL+50 

ns 

jQQIIIIIII^^ 


Address valid to WR low or RD low 

203 


4tcLCL-133 


ns 

omnii 

mm 

Data valid to WR transition 

23 


tcLCL-33 


ns 


mm 

Data valid to WR high 

433 


7tcLCL-150 


ns 

tWHQX 

2,3 

Data hold after WR 

33 


tcLCL-53 


ns 

fRLAZ 

2,3 

RD low to address float 


20 


20 

ns 

tWHLH 

2,3 

RD or WR high to ALE high 

43 

123 

fCLCL-43 

tcLCL+40 

ns 

External Clock 

fcHCX 

5 

High time 

20 


20 


ns 

tCLCX 

5 

Low time 

20 


20 


ns 

tCLCH 

5 

Rise time 


20 


20 

ns 

tCHCL 

5 

Fall time 


20 


20 

ns 


NOTES: 


1 . Parameters are valid over operating te mpera ture range unless otherwise specified. 

2. Load capacitance for port 0, ALE, and PSEN = lOOpF, load capacitance for all other outputs = 80pR 
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8032AH/8052AH 


EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has five characters. The Q - Output data 
first character is always ‘t’ (= time). The other R - RU signal 

characters, depending on their positions, t - Time 

indicate the name of a signal or the logical V - Valid 

status of that signal. The designations are: W - WR signal 

A - Address X - No longer a 

C - Clock Z - Float 

D - Input data Examples; tAVLL 

H - Logic level high 

I - Instruction (program memory contents) tLLPL 

L - Logic level low, or ALE 
P - PRER 


t - Time 
V - Valid 
W- WR signal 

X - No longer a valid logic level 
Z - Float 

Examples: tAVLL = Time for address valid 
to ALE low. 

tLLPL = Time for ALE low to 
PEER low. 
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Product specification 


CMOS single-chip 8-bit microcontroller 80C32/80C52/87C52 


DESCRIPTION 

The Philips 80C32/80C52/87C52 is a 
high-performance microcontroller fabricated 
with Philips high-density CMOS technology. 
The CMOS 8XC52 is functionally compatible 
with the NMOS SCN- 8032/8052 
microcontrollers. The Philips CMOS 
technology combines the high speed and 
density characteristics of HMOS with the low 
power attributes of CMOS. Philips epitaxial 
substrate minimizes latch-up sensitivity. 

The 8XC52 contains an 8k x 8 ROM {80C52) 
EPROM (87C52), a 256 x 8 RAM. 32 I/O 
lines, three 16-bit counter/timers, a 
six-source, two-priority level nested interrupt 
structure, a serial I/O port for either 
multi-processor communications, I/O 
expansion or full duplex UART, and on-chip 
oscillator and clock circuits. 

In addition, the 8XC52 has two software 
selectable modes of power reduction - idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial port, and Interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing ail other chip functions to 
be inoperative. 


FEATURES 

• 80C51 based architecture 

• 8032/8052 compatible 

- 8k X 8 ROM (80C52) 

- 8k X 8 EPROM (87C52) 

- ROMIess {80C32) 

- 256 X 8 RAM 

- Three 16-bit counter/timers 

- Full duplex serial channel 

- Boolean processor 

• Memory addressing capability 

- 64k ROM and 64k RAM 

• Power control modes; 

- Idle mode 

- Power-down mode 

• CMOS and TTL compatible 

• Two speed ranges; 

- 3.5to16MHz 

- 3.5 to 24MHz 

• Five package styles 

• Extended temperature ranges 

• OTP package available 


ORDERING INFORMATION 


PIN CONFIGURATIONS 




P1.0/T2 [l 


^ Vdd 

P1.1/T2EX [T 


^ P0.0/AD0 

P1.2[T 


^ P0.1/AD1 

P1.3|T 


^ P0.2/AD2 

pi.4|T 


^ P0.3/AD3 

P1.5[T 


^ P0.4/AD4 

P1.6[^ 


^ P0.5/AD5 

P1.7[T 


^ P0.6/AD6 

rst|T 

RxD/P3.0[l0 
TxD/P3.1 [TT 
INTO/P3.2 [li 

CERAMIC 

AND 

PLASTIC 

DUAL 

IN-UNE 

PACKAGE 

^ P0.7/AD7 
^ EJf/Vpp 
^ ALE/PROG 
^ P5ER 

INTT/P3.3 [j3 


^ P2.7/A15 

T0/P3.4 \U 


^ P2.6/A14 

T1/P3.5 [l5 


^ P2.5/A13 

WTOP3.6 


^ P2.4/A12 

niJ/P3.7[^ 


^ P2.3/A11 

XTAL2 


^ P2.2/A10 

XTALI [« 


^ P2.1/A9 

vss[^ 


^ P2.0/A8 





ROM 

ROM 

EPROM 

TEMPERATURE RANGE °C AND PACKAGE^ 

FREQ 

MHz 

DRAWING 

NUMBER 

P80C32EBP N 

P80C52EBP N 

P87C52EBP N 

0 to +70, Plastic Dual In-line Package, OTP 

16 

041 5C 

P80C32EBA A 

P80C52EBA A 

P87C52EBA A 

0 to +70, Plastic Leaded Chip Carrier, OTP 

16 

miQiQ^iiiii: 



P87C52EBF FA 

0 to +70, Ceramic Dual In-line Package, UV 

16 




P87C52EBL KA 

0 to +70. Ceramic Leaded Chip Carrier, UV 

16 

1472A 

P80C32EBB B 

P80C52EBB B 

P87C52EBB B 

0 to +70, Plastic Quad Flat Pack, OTP 

16 

1118D 

P80C32EFP N 

P80C52EFP N 

P87C52EFP N 

-40 to +85, Plastic Dual In-line Package, OTP 

16 

041 5C 

P80C32EFA A 

P80C52EFA A 

P87C52EFA A 

-40 to +85, Plastic Leaded Chip Carrier, OTP 

16 




P87C52EFF FA 

-40 to +85. Ceramic Dual In-line Package, UV 

16 




P87C52EFL KA 

-40 to +85, Ceramic Leaded Chip Carrier, UV 

16 

1472A 

P80C32EFB B 

P80C52EFB B 

P87C52EFB B 

-40 to +85. Plastic Quad Flat Pack, OTP 

16 

1118D 

P80C32IBP N 

P80C52IBP N 

P87C52IBP N 

0 to +70, Plastic Dual In-line Package, OTP 

24 


P80C32IBA A 

P80C52IBA A 

P87C52IBA A 

0 to +70, Plastic Leaded Chip Carrier, OTP 

24 

0403G 



P87C52IBF FA 

0 to +70, Ceramic Dual In-line Package, UV 

24 

0590B 



P87C52IBL KA 

0 to +70, Ceramic Leaded Chip Carrier, UV 

24 

1472A 

P80C32IFP N 

P80C52IFP N 

P87C52IFP N 

-40 to +85. Plastic Dual In-line Package, OTP 

24 

041 5C 

P80C32IFA A 

P80C52IFA A 

P87C52IFA A 

-40 to +85, Plastic Leaded Chip Carrier, OTP 

24 

0403G 



P87C52IFF FA 

-40 to +85. Ceramic Dual In-line Package, UV 

24 

0590B 



P87C52IFL KA 

-40 to +85, Ceramic Leaded Chip Carrier, UV 

24 

1472A 


1 . OTP = One Time Programmable EPROM. UV = UV erasable EROM 
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CERAMIC AND PLASTIC LEADED PLASTIC QUAD FLAT PACK 
CHIP CARRIER PIN FUNCTIONS PIN FUNCTIONS 



6 

1 

40 



n 

XL 

n 


7 II 

/ 

o 


□ 39 



LCC 



t 7 [: 




□ 29 


u 


u 



18 


28 


Pin Function 


Pin 

Function 

1 NC 


23 

NC 

2 T2/P1.0 


24 

P2.0/A8 

3 T2EX/P1.1 


25 

P2.1/A9 

4 PI. 2 


26 

P2.2/A10 

5 PI. 3 


27 

P2.3/A11 

6 PI. 4 


28 

P2.4/A12 

7 P1.5 


29 

P2.5/A13 

8 P1.6 


30 

P2.6/A14 

9 P1.7 


31 

P2.7/A15 

10 RST 


32 

P5ER 

11 RxD/P3.0 


33 

ALE/PROG 

12 NC 


34 

NC 

13 TxD/P3.1 


35 

EA/Vpp 

14 TNT0/P3.2 


36 

P0.7/AD7 

15 TNTT/P3.3 


37 

P0.6/AD6 

16 T0/P3.4 


38 

P0.5/AD5 

17 T1/P3.5 


39 

P0.4/AD4 

18 WR/P3.6 


40 

P0.3/AD3 

19 TtD/P3.7 


41 

P0.2/AD2 

20 XTAL2 


42 

P0.1/AD1 

21 XTAL1 


43 

PO.O/ADO 

22 Vss 


44 

Vcc 




44 

J 


34 

1 




(° 




1 

cxi: 

QFP 


= 3=1 33 


11 


N.i 


J 

= 1=3 23 



11 

12 


T 

22 


Pin 

Function 

Pin 

Function 

1 

PI. 5 

23 

P2.5/A13 

2 

PI. 6 

24 

P2.6/A14 

3 

PI. 7 

25 

P2.7/A15 

4 

RST 

26 

P5ER 

5 

RxDrP3.0 

27 

ALE/PHDG 

6 

NC 


28 

NC 

7 

TxD/P3.1 

29 

EA/Vpp 

8 

TN7TJ/P3.2 

30 

P0.7/AD7 

9 

TRTT/P3.3 

31 

P0.6/AD6 

10 

T0/P3.4 

32 

P0.5/AD5 

11 

T1/P3.5 

33 

P0.4/AD4 

12 

WR/P3.6 

34 

P0.3/AD3 

13 

nD/P3.7 

35 

P0.2/AD2 

14 

XTAL2 

36 

P0.1/AD1 

15 

XTALl 

37 

PO.O/ADO 

16 

Vss 

38 

Vcc 

17 

NC 


39 

NC 

18 

P2.CVA8 

40 

T2/P1.0 

19 

P2.1/A9 

41 

T2EXP/P1.1 

20 

P2.2rA10 

42 

P1.2 

21 

P2.3/A11 

43 

P1.3 

22 

P2.4/A12 

44 

P1.4 


LOGIC SYMBOL 
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B 

REGISTER I 


PROGRAM , 
ADDRESS ' 
REGISTER 


PCON 

SCON 

TMOD 

TCON 

T2CON 

THO 

TUO 

TH1 

TL1 

TH2 

TL2 

RCAP2H 

RCAP2L 

SBUF 

IE 

IP 

INTERRUPT, SERIAL 

PORT AMD TIMER BLOCKS 


PROGRAM t 
COUNTER F 


j_XTAI^ 

•HDI-' 


PORT1 

PORT 3 

DRIVERS 

— ^ DRIVERS 
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PIN DESCRIPTION 




PIN NO. 




MNEMONIC 

DIP 

LCC 

QFP 

TYPE 

NAME AND FUNCTION 

Vss 

20 

22 

16 

I 

Ground: OV reference. 

Vcc 

40 

44 

38 

I 

Power Supply: This is the power supply voltage for normal, idle, and power<lown 
operation. 

PO.0-0.7 

39-32 

43-36 

37-30 

I/O 

Port 0: Port 0 is an open-drain, bidirectional I/O port. PortO pins that have Is written to 
them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. In 
this application, it uses strong internal pull-ups when emitting Is. Port 0 also outputs the 
code bytes during program verification in the 87C52. External pull-ups are required during 
program verification. 

P1.0-P1.7 

1-8 

2-9 

40-44 

1-3 

I/O 

Port 1 : Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. Port 1 pins that have Is 
written to them are pulled high by the internal pull-ups andean be used as inputs. As inputs, 
port 1 pins that are externally pulled low will source current because of the internal pull-ups. 
(See DC Electrical Characteristics; Iil). Pins P1.0 and P1.1 also. Port 1 also receives the 
low-order address byte during program memory verification. Port 1 also serves alternate 
functions for timer 2: 


1 

2 

40 

I 

T2 (P1.0): Timer/counter 2 external count input. 


2 

3 

41 

I 

T2EX (P1.1): Timer/counter 2 trigger input. 

P2.0-P2.7 

21-28 

24-31 

18-25 

I/O 

Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 1 s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics; I|l). Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data 
memory that use 16-bit addresses (MOVX (S>DPTR). In this application, it uses strong 
internal pull-ups when emitting Is. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri). port 2 emits the contents of the P2 special function register. 

P3.0-P3.7 

10-17 

11. 

13-19 

5, 

7-13 

I/O 

Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have Is 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are externally being pulled low will source current because of the pull-ups. 
(See DC Electrical Characteristics; I|l). Port 3 also serves the special features of the 80C51 
family, as listed below; 


10 

11 

5 

I 

RxD (P3.0): Serial input port 


11 

13 

7 

o 

TxD (P3.1): Serial output port 


12 

14 

8 

I 

INTO (P3.2): External interrupt 


13 

15 

9 

I 

INTT (P3.3): External interrupt 


14 

16 

10 

I 

TO (P3.4): Timer 0 external input 


15 

17 

11 

I 

T1 (P3.5): Timer 1 external input 


16 

18 

12 

o 

WR (P3.6): Externa! data memory write strobe 


17 

19 

13 

o 

RD (P3.7): External data memory read strobe 

RST 

9 

10 

4 

I 

Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss Permits a power-on reset using only an external 
capacitor to Vcc- 

ALE/PROG 

30 

33 

27 

I/O 

Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the 
address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is skipped during each access to external data memory. This pin is 
also the program pulse input (PROG) during EPROM programming. 

PSER 

29 

32 

26 

o 

Program Store Enable: The read strobe to external program memory. When the device is 
executing code from the external program memory, PSEN is activated twice each machine 
cycle, except that two PSEN activations are skipped during each access to external data 
memory. PSER is not activated during fetches from internal program memory. 

EAA/pp 

31 

35 

29 

I 

External Access Enable/Programming Supply Voltage: EA must be externally held low 
to enable the device to fetch code from external program memory locations 0CX)0H to 

1 FFFH. If EA is held high, the device executes from Internal program memory unless the 
program counter contains an address greater than 1FFFH. This pin also receives the 

12.75V programming supply voltage (Vpp) during EPROM programming. 

XTAL1 

19 

21 

15 

I 

Crystal 1 : Input to the inverting oscillator amplifier and Input to the interna! clock generator 
circuits. 

XTAL2 

18 

20 

14 

o 

Crystal 2: Output from the inverting oscillator amplifier. 
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OSCILLATOR 

CHARACTERISTICS 

XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol, 
page 567. 

To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 


RESET 

A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 


oscillator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. 


IDLE MODE 

In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is poked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN MODE 

In the power-down mode, the oscillator is 
stopped and the instruction to Invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode, the 
control bits for the reduced power modes are 
in the special function register PCON. 


DESIGN CONSIDERATIONS 

At power-on, the voltage on Vcc and RST 
must come up at the same time for a proper 
start-up. 

Table 1 shows the state of I/O ports during 
low current operating modes. 


ROM CODE SUBMISSION 

When submitting ROM code for the 80C52, the following must be specified; 

1 . 8k byte user ROM data 

2. 32 byte ROM encryption key 

3. ROM security bits. 


ADDRESS 

CONTENT 

BiT(S) 

COMMENT 

OOOOHtolFFFH 

DATA 

7:0 

User ROM Data 

2000H to 201 FH 

KEY 

7:0 

ROM Encryption Key 

FFH = no encryption 

2020H 

SEC 

0 

ROM Security Bit 1 

2020H 

SEC 


ROM Security Bit 2 

0 = enable security 

1 = disable security 


Security Bit 1 : When programmed, this bit has two effects on masked ROM parts: 

1 . External MOVC is disabled, and 

2. EA# is latched on Reset. 

Security Bit 2: When programmed, this bit inhibits Verify User ROM. 


Table 1. External Pin Status During Idle and Power-Down Modes 


MODE 

PROGRAM MEMORY 

ALE 

P5ER 

PORTO 

PORT1 

PORT 2 

PORT 3 

Idle 

Internal 

1 

1 

Data 

Data 

Data 

Data 

Idle 

External 

1 

1 

Float 

Data 

Address 

Data 

Power-down 

Internal 

0 

0 

Data 

Data 

Data 

Data 

Power-down 

External 

0 

0 

Float 

Data 

Data 

Data 
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Electrical Deviations from Commerciai Specifications for Extended Temperature Range (87C52} 
DC and AC parameters not included here are the same as in the commercial temperature range table. 


DC ELECTRICAL CHARACTERISTICS 

Tarrto = -40°C tO +85°C, ^cc = 5V ±10%. Vss = OV 




TEST 

UMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

MAX 

UNIT 

V|L 

Input low voltage, except EA 


-0.5 

0.2Vcc-0.15 

V 

V,L1 

Input low voltage to EA 


0 

0.2VCC-O.35 

V 

V,H 

Input high voltage, except XTAL1 , RST 


0.2Vcc+1 

Vcc+0-5 

V 

V|H1 

Input high voltage to XTAL1 , RST 


0.7VCC+0.1 

Vcc+0-5 

V 

IlL 

Logical 0 input current, ports 1 , 2. 3 

V|N = 0.45V 


-75 

pA 

Itl 

Logical 1-to-O transition current, ports 1, 2, 3 

ViN = 2.0V 


-750 

pA 

Icc 

Power supply current; 

Vcc = 4.5^.5V, 





Active mode 

Frequency range = 


19 

mA 


Idle mode 

3.5 to 16MHz 


6 

mA 


Power-down mode 



50 

pA 


ABSOLUTE MAXIMUM RATINGS^' 3 


PARAMETER 

RATING 

UNIT 

Operating temperature under bias 

0 to +70 or -40 to -i-85 


Storage temperature range 

-05 to -r150 

IQIIIII 

Voltage on EAA/pp pin to Vss 

0to-r13.0 


Voltage on any other pin to Vss 

-0.5 to +6.5 

V 

Maximum Iql per I/O pin 

15 

mA 

Power dissipation (based on package heat transfer limitations, not 
device power consumption) 

1.5 

W 


NOTES: 


1 . Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless othenvise 
noted. 
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DC ELECTRICAL CHARACTERISTICS 

Tamb = 0°C to +70°C or -40°C to +85°C. Vcc = 5V ±10%. Vgs = OV (87C52) 

Tamb = 0°C to +70°C or -40°C to +85°C, Vcc = 5V ±20%. Vgs = OV (80C32/80C52) 




TEST 

LIMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP1 

MAX 

UNIT 

V|L 

Input low voltage, except EA'' 


-0.5 


0.2Vcc-0.1 

V 

V|L1 

Input low voltage to EA^ 


0 


0.2VCC-0.3 

V 

V,H 

Input high voltage, except XTAL1 , RST^ 




Vcc+0.5 

V 

V|H1 

Input high voltage, XTAL1, RST^ 





V 

Vql 

Output low voltage, ports 1,2,3^ 

Iql = 1 SmA^ 



0.45 

V 

VoL1 

Output low voltage, port 0, ALE, PSEN^ 

loL = 3.2mA2 



0.45 

V 

Vqh 

Output high voltage, ports 1 , 2, 3, ALE, PSEN^ 

•oh = -60pA, 




mgm 



•oh = -25^A 







Ioh = -10jiA 




■■ 

Vqhi 

Output high voltage (port 0 in external bus mode) 

•oh = -800|iA, 

2.4 



HI 



•oh = — 300pA 

0.75VCC 






•oh = -80fiA 

0.9Vcc 



HI 

III 

Logical 0 input current, ports 1. 2, 3^ 

V|N = 0.45V 



-50 

pA 

Itl 

Logical 1-to-O transition current, ports 1, 2, 3^ 

See note 4 



-850 

pA 

Ili 

Input leakage current, port 0 

ViN = V,L or V|H 



±10 

pA 

Icc 

Power supply current;^ 

Active mode @ 1 2MHz^ 

See note 6 


11.5 

19 

mA 


Idle mode @ 12MHz 



1.3 

4 

mA 


Power-down mode 



3 

50 

pA 

Rrst 

Internal reset pull-down resistor 


50 


300 

kohm 

Cio 

Pin capacitance 




10 

pF 


NOTES: 


1 . Typical ratings are not guaranteed. The values listed are at room temperature. 5V. 

2. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the Vqls of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-O transitions during bus operations. In the 
worst cases (capacitive loading > lOOpF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. Iql can exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 

3. Capacitive loading on ports 0 and 2 may cause the Vqh on ALE and PSEN to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 

4. Pins of ports 1 , 2 and 3 source a transition current when they are being externally driven from 1 to 0. The transition current reaches its 
maximum value when Vim is approximately 2V. 

5. IccMAX at other frequencies is given by: Active mode; IccMAX = 1.43 X FREQ+ 1.9; Idle mode: IccMAX = 0.14 X FREQ +2.31, 
where FREQ is the external oscillator frequency in MHz. IccMAX is given in mA. See Figure 8. 

6. See Figures 9 through 12 for Ice test conditions. 

7. These values apply only to Tamb = 0°C to +70°C. For Tamb = -40°C to +85°C, see table on previous page. 

8. Load capacitance for port 0, ALE, and PSEN = 1 0OpF, load capacitance for all other outputs = 80pF. 

9. Under steady state (non-transient) conditions, Iql must be externally limited as follows; 

Maximum Iql per port pin: 1 5mA (*NOTE: This is 85°C specification.) 

Maximum Iql per 8-bit port; 26mA 

Maximum total Iql for all outputs: 67mA 

If Iql exceeds the test condition, Vql may exceed the related specification. Pins are not guaranteed to sink current greater than the listed test 
conditions. 
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AC ELECTRICAL CHARACTERISTICS 

Tamb = 0°C to +70°C or ^0°C to +S5°C. Vcc = 5V ±10%, Vgs = OV (87C52)1- 2. 3 





24MHz CLOCK 

VARIABLE CLOCK 


SYMBOL 

FIGURE 

PARAMETER 

MIN 

MAX 

MIN 

MAX 

UNIT 

1/tcLCL 

1 

Oscillator frequency: Speed Versions 








8XC52 E 



3.5 

16 

MHz 



8XC52 1 



3.5 

24 

MHz 

flHLL 

1 

ALE pulse width 

43 


2tcLCL-40 


ns 

Wll 

1 

Address valid to ALE low 

28 


fCLCL-13 


ns 

tlLAX 

1 

Address hold after ALE low 

21 


tcLCL-20 


ns 

flLIV 

1 

ALE low to valid instruction in 




4tcLCL-05 

ns 

flLPL 

1 

ALE low to PSEN low 

28 


fcLCL-1 3 


ns 

tpLPH 

■■ 

PSEN pulse width 



3tcLCL-20 


ns 

tpLIV 


PSEN low to valid instruction in 





ns 

tpxix 

1 

Input instruction hold after PSEN 

0 


0 


ns 

tpxiz 

1 

Input instruction float after PSEN 


31 


tCLCL-10 

ns 

tAVIV 

1 

Address to valid instruction in 


153 



ns 

fpLAZ 

1 

PSEN low to address float 


10 


10 

ns 

I Data Memory | 

tRLRH 

2,3 

RTJ pulse width 

149 


^tCLCL-l 00 


ns 

tWLWH 

2,3 

WR pulse width 

149 


6fCLCL”‘l 00 


ns 

tRLDV 

2,3 

RO low to valid data in 


118 


5tcLCL-90 

ns 


2.3 

Data hold after RU 

0 


0 


ns 

fRHDZ 

2, 3 

Data float after FfD 





ns 

ilDV 

2,3 

ALE low to valid data in 




llllllllllll^^ 

ns 

Wdv 

2,3 

Address to valid data in 


209 



ns 

Illwl 


ALE low to RH or WR low 

74 

174 

3fCLCL~50 

3tcLCL+50 

ns 

Iavwl 


Address valid to WR low or RD low 

91 


4tcLCL-75 


ns 

bvwx 

— 1 

Data valid to WR transition 

21 


tcLCL-20 


ns 

tWHQX 


Data hold after WR 

21 


tcLCL-20 


ns 

tRLAZ 

2, 3 

RD low to address float 


0 


0 

ns 

tWHLH 

2,3 

RR or WR high to ALE high 


66 

Iclcl-20 

tcLCL+25 

ns 


tCHCX 

5 

High time 

20 


20 


ns 

k:LCX 

5 

Low time 

20 


20 


ns 

tCLCH 

5 

Rise time 


20 


20 

ns 

tCHCL 

5 

Fail time 


20 


20 

ns 

I Shift Register | 

tXLXL 

4 

Serial port clock cycle time 

499 


1 2tcLCL 


ns 

tQVXH 

4 

Output data setup to clock rising edge 

283 


10tcLCL-133 


ns 

fXHQX 

4 

Output data hold after clock rising edge 

3 


2tcLCL~^0 


ns 

^XHDX 

4 

Input data hold after clock rising edge 

0 


0 


ns 

tXHDV 

4 

Clock rising edge to input data valid 


283 


■10tcLCL-‘l33 

ns 


NOTES: 

1 . Parameters are valid over operating temperature range unless othenwise specified. 

2. Load capacitance for port 0, ALE, and PSEN = lOOpF, load capacitance for all other outputs = 80pF. 

3. Interfacing the 80C32/52 to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to Port 0 
drivers. 
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EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has five characters. The P - PSEN 

first character is alvirays 't* (= time). The other Q - Output data 

characters, depending on their positions, R - REJ signal 

indicate the name of a signal or the logical t - Time 

status of that signal. The designations are: V - Valid 

A - Address W- WR signal 

C - Clock X - No longer a valid logic level 

D - Input data Z - Float 

H - Logic level high Examples: tAVLL = Time for address valid to 

1 - Instruction (program memory contents) ALE low. 

L - Logic level low, or ALE tLLPL= Time for ALE low to 

PSEN low. 




80C32/80C52/87C52 
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/ 

MAX ACIlVb MODE 

ICCMAX = 1.43 X FREQ. + 1.9 





/ 






/ 



TYP ACTIVE MODE 



/ 

/ 





/ 





iiAY ini c &jr\nc 


V 



.. — -- 


MAA lULC 

TYP IDLE MODE 






— 



4MHz 8MHz 12MHz 16MHz 20MHz 

FREQATXTAL1 

Figures. Iccvs. FREQ 

Valid only within frequency specifications of the device under test 


VL0AD+«-1V-^ timing ^ N: VoH-«iV 

VLOAD <r ^ REFERENCE J> 

V.OA,>^.1v X ^ ^ 7 ^ VOL^.1V 

NOTE: 

Fcx timing purposes, a port is no longer floating when a lOOmV change from load 
voltage occurs, and begins to float when a lOOmV change from the loaded Vqh/ 

VqL Isvel occurs. ^ t-^OfnA, 

Figure 7. Float Waveform 
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Figure 9. Ice Test Condition, Active Mode 
All other pins are disconnected 


Figure 10. Iqq Test Condition, idle Mode 
All other pins are disconnected 



Figure 11 . Clock Signal Waveform for Ice Tests in Active and Idle Modes 
tcLCH = fcHCL = 5ns 



Figure 1 2. Ice Test Condition, Power Down Mode 
All other pins are disconnected. Vec = 2V to 5.5V 
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EPROM CHARACTERISTICS 

The 87C52 is programmed by using a 
modified Quick-Pulse Programming™ 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALE/PROG pulses. 

The 87C52 contains two signature bytes that 
can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C52 manufactured by Philips. 

Table 2 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the secuity bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 13 and 14. Figure 15 shows 
the circuit configuration for normal program 
memory verification. 

Quick-Pulse Programming 

The setup for microcontroller quick-pulse 
programming is shown in Figure 13. Note that 
the 87C52 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 

The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 13. The code byte to be 
programmed into that location Is applied to 
port 0. RST, PSEN and pins of ports 2 and 3 
specified in Table 2 are held at the ‘Program 
Code Data’ levels indicated in Table 2. The 
ALE/P ROG is pulsed low 25 times as shown 
in Figure 14. 


To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 1FH, using the ‘Pgm 
Encryption Table’ levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 

To program the security bits, repeat the 25 
pulse programming sequence using the ‘Pgm 
Security Bit’ levels. After one security bit is 
programmed, further programming of the 
code memory and encryption table is 
disabled. However, the other security bit can 
still be programmed. 

Note that the EM/pp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 

Program Verification 

If security bit 2 has not been programmed, 
the on-chip program memory can be read out 
for program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 15. The other pins are held at the 
’Verify Code Data’ levels indicated in Table 2. 
The contents of the address location will be 
emitted on port 0. External pull-ups are 
required on port 0 for this operation. 

If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature Bytes 

The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 

(030H) = 15H indicates manufactured by 
Philips 

(031 H) = 97H indicates 87C52 

Program/Verify Algorithms 

Any algorithm in agreement with the 
conditions listed in Table 2, and which 
satisfies the timing specifications, is suitable. 

Erasure Characteristics 

Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, it 
is recommended that an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345—5, or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
ISW-s/cm^. Exposing the EPROM to an 
ultraviolet lamp of 1 2,000pW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 

Erasure leaves the array in an all Is state. 


Table 2. EPROM Progamming Modes 


MODE 

RST 

PSER 

ALE/PROGf 

Esyvpp 

P2.7 

P2.6 

P3.7 

P3.6 

Read signature 

1 

0 

1 

1 

0 

0 

0 

0 

Program code data 

1 

0 

0* 

Vpp 

1 

0 

1 

1 

Verify code data 

1 

0 

1 

1 

0 

0 

1 

1 

Pgm encryption table 

1 

0 

0* 

Vpp 

1 

0 

1 

0 

Pgm security bit 1 

1 

0 

0* 

Vpp 

1 

1 

1 

1 

Pgm security bit 2 

1 

0 

0* 

Vpp 

1 

1 

0 

0 


NOTES: 

1 . ‘0’ = Valid low for that pin, ‘1 ’ = valid high for that pin. 

2. Vpp = 12.75V ±0. 25V. 

3. Vcc = 5V±10% during programming and verification. 

4. ’"ALE/PrOG receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for lOOps (±10ps) and high for a 
minimum of lOps. 


^“Trademark phrase of Intel Corporation. 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 

Tamb = 2rC to +27°C. Vcc = 5V±10%, Vss = OV (See Figure 16) 



PARAMETER 


Programming supply voltage 
Programming supply current 
Oscillator frequency 
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8XC053/54/55 OVERVIEW 

The 8XC053/54/55 is an 80C51 derivative 
microcontroller that is designed to control and 
display text information on raster scanned 
video displays, such as televisions and video 
monitors. 

The part consists of; 

• An 80C51 microcontroller core 

• An On-Screen Display (OSD) function 
block 

• Pulse-Width Modulators and an 
Analog-to-Digital converter 

• High voltage (12V) and LED drive outputs 
(10mA) 

The part is available with either 8k (83C053) 
or 16k (83C054/55) bytes of ROM Program 
Memory, or with 16k bytes of EPROM 
Program Memory. The parts are functionally 
identical except for the Program Memory 
differences and are collectively referred to as 
the 8XC053/54/55. 

The EPROM versions, the 87C054/55. are 
used for product development and for initial 
and lower volume production quantities. Note 
that, owing to requirements for I/O pins, the 
parts are not designed to execute programs 
from external memory. 

The parts are available in a 42-pin Plastic 
Shrink Dual In-Line package as ROM 
(83C053. 83C054, and 83C055) and 
One-Time-Programmable versions 
(87C054/55). 

Development systems and EPROM 
Programmers for the product are available 
from several sources (see section on 
Development Systems and EPROM 
Programmers). 

The basic features of the 8XC053/54/55 are; 


• 80C51 based architecture 

• 192 bytes of on-chip RAM (8XC053/54) 

• 256 bytes of on-chip RAM (8XC055) 

• OSD functional block (described in detail 
later) 

- Inputs to the OSD are; 

Horizontal Sync (HSYNC), Vertical Sync 
(VSYNC), and a Dot, or Pixel, clock from 
an external oscillator (locked to HSYNC). 

- Outputs from the OSD are; 

Three digital video outputs (RGB), a 
Video Multiplexing signal to select 
between 8XC053/54 and base video and 
a Foreground/Background output to 
control overlay background. 

• A Character Generator Memory with 60 
character bit-maps, each 18 (vertical) x 14 
(horizontal). The character generator 
memory must be programmed before 
characters can be displayed. The character 
generator memory is not part of an 
emulators writeable control store. 

• 128 X 10 Display RAM. This memory is 
written into by the 80C51 CPU and read by 
the OSD to fetch the pixel data to display 
from the Character Generator Memory. 

• Eight 6-bit Pulse Width Modulators (PWM) 
and one 14-bit high-precision PWM. 

• 4-bit D/A converter and comparator with a 
3-input multiplexer allowing implementation 
of an A/D in software. 

• Four high-current (10mA) open drain 
outputs. 

• Twelve high voltage (+1 2V) open drain 
outputs. 

A typical application of the 8XC053/54/55 

would be as the central microcontroller in a 


television set of video monitor. The 
microcontroller would perform the following 
functions; 

• Interface with the Remote control and 
keypad, receive and carry out the user’s 
commands. 

• Perform the OSD function to display all 
available control options and settings of 
user-controllable functions such as channel 
selection, brightness, volume, hue, tint, 
frequency settings (for multi-sync 
monitors), etc. 

• Generate, via the on-chip PWMs, control 
voltages for the user-controllable functions 
to execute user commands. 

• Perform test and diagnostic functions. 

For a standard NTSC TV signal with an 
HSYNC frequency of 15,750kHz and a 
VSYNC of nominally 60Hz, there are roughly 
50 microseconds of active horizontal scan 
line available. For a typical pixel clock 
frequency is 8MHz, and therefore roughly 400 
pixels of resolution can be obtained. At 14 
dots per character, this means 28 character 
times per horizontal scan. If the 12 dot per 
character display mode is used, that means 
33 character times per horizontal scan. 
Allowing for edge effects, 26 characters (14 
across) or 31 characters (12 across) can be 
displayed. 

Note that VGA rates and higher can be used. 
The minimum character dot size will be a 
function of the VGA frequency used. For a 
640 X 480 display, running at 33kHz, the 
equivalent 8XC053/54/55 pixel resolution is 
about 160 across (because of the 8MHz 
clock and allowing for overscan). This means 
that status and diagnostic information can be 
displayed on video monitors. 
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The 8XC053/54/55 On-Screen 
Display (OSD) Block 

Figure 1 is a conceptual drawing of the OSD 
block on the 8XC053/54/55. 

It shows the CPU writing into the 128 x 10 
display RAM, which is dual-ported to allow 
the CPU to write into it at any time, including 
when it is being read out by the OSD logic. 
The 10-bit wide data coming out of the 
display RAM is used to access the 
appropriate character in the Character 
Generator memory (6-bits) and to specify 
character and display control functions 
{4-bits). Timing for the OSD is controlled by 
the HSYNC, VSYNC, and dot clock inputs. 

The 8XC053/54/55 features an advanced 
OSD function with some unique features; 

1 . User-definable display format: The OSD 
does not restrict the user to a fixed 
number of lines with a fixed number of 
characters per line as other competing 
alternatives do. 

Using a fixed number of lines restricts the 
generation of displays that can be 
differentiated from others that use the 
same chip and places limits on screen 
content. 

Using a fixed number of characters per 
line wastes display RAM if a line has less 
than the full number of displayable 
characters (it has to be padded with 
non-visible characters). 

The OSD on the 8XC053/54/55 defines a 
control character (New Line) that has the 
same function as a Carriage Return and 
Line Feed. When the OSD circuitry 
fetches this character from display RAM it 
stops displaying further characters, waits 
for the next horizontal scan line, and 
starts displaying the next character in 
display RAM after the New Line character 
was received. The number of lines is thus 
up to the user, within the limits of the 
display and memory, as are the number of 
characters per line. This allows far better 
control of the appearance of the On 
Screen Display. 

2. Dual-Ported Display RAM; The OSD has 
a true display RAM instead of a character 
line buffer. This display RAM is dual 
ported to allow updating the display RAM 
at any time instead of having to wait for a 
vertical retrace. Vertical Sync interrupts 
are supported if flicker-free updates are 
required. 



Figure 1. On-Screen Display (OSD) Block 


3. Colors selectable by character; 
Characters can be displayed on a 
background of the base video or a 
programmable background color. The 
background color Is selectable by word 
and the choice of background (base 
video/user programmed color) by 
character. 

4. Programmable character size; Normal 
characters are displayed as 18 x 1 4 
bit-maps. In an interlaced display, 2 fields 
are displayed so that one actually sees a 
36 X 14 pixel size character. The part has 
a double height and width mode which 
displays 36 x 28 pixel size bit maps per 
field. For use in non-interlaced systems, 
the part has a double height mode so that 
the displayed characters have the same 
pixel size (36 x 14) as on an interlaced 
display. 

5. Character shadowing; When characters 
are displayed overlaid on a background of 
base video, a black border around the 
characters makes them highly legible. 

This feature is called shadowing. The 
8XC053/54/55 has 8 shadowing modes to 
allow the user to select various partial 
shadow modes as well as full surround 
shadow. 


6. Short Rows; This mode only displays 4 
horizontal lines, it is used for generating 
underlines. 

7. Programmable polarities: Inputs to the 
OSD can be programmed to be 
recognized as Active-LOW or 
Active-HIGH, also the outputs from the 
OSD. Coupled with the 12V outputs, this 
allows direct interfacing to most video 
signal processing circuits. 

8. Programmable horizontal and vertical 
positions: A pair of registers allow defining 
the starting point of the display. 

9. HSYNC locked dot-clock oscillator: The 
chip is designed to use an L-C oscillator 
circuit that is started at the trailing edge of 
HSYNC and stopped at its leading edge. 
In practice, this gives a highly consistent 
delay from HSYNC to oscillator start and 
is stable from scan line to scan line so 
that no left margin effects are seen. 

10. Character Generator memory In EPROM; 
On the 87C054/55, the Character 
Generator memory is in EPROM. This 
feature allows quick and inexpensive font 
development and refinement against the 
alternative of doing a masked ROM 
version to see how the final fonts will 
appear. 
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Differences from the 80C51 

Memory Organization 

The 8XC053/54/55 differs from the 80C51 in 
that it has either 8k or 16k or on-chip program 
memory, and it is not externally expandable. 
The size of the on-chip data RAM also differs 
in that it is 1 92 bytes. 

The display RAM, where the contents of the 
screen to be displayed are wrtten by the 
80C51 CPU, and read out and displayed by 
the OSD, is 128 deep by 10 bits wide. The 10 
bits are composed of 6 address bits and 4 
attributs bits; the 6 address bits form the 
address of the character in the 60 x 18 x 14 
bit map Character Generator memory, the 4 
bits are used to control the attributes of that 
character and of the display. 

Special Function Registers (SFRs) 

The 8XC053/54/55 contains 1 7 additional 
SFRs in addition to those found on the 
80C51 . Six of the additional registers control 
the OSD block, ten control the PWMs, and 
one controls the D/A and voltage comparator. 

The six registers tfiat control the OSD block 
are: 

OSAD: Specifies the 7-bit address of the 
display FtAM that the CPU uses to 
write into. 

OSAT: Contains the 4 attribute bits for 
character and display control. 


OSDT: Contains the 6-bit address of the 
character in the 60 x 18 x 14 
Character Generator bit-map 
memory. 

Writing into OSDT causes the 
contents of OSDT to be 
concatenated with the contents of 
OSAT to form a 10-bit word that is 
then written into the 1 28 x 10 
display RAM at the address pointed 
at by OSAD. OSAD is 
auto-inaemented after the write. 
Thus, for a series of sequential 
writes, the CPU does not need to 
increment OSAD. If the attribute 
values do not change, this can be 
left unchanged too. 

OSCON; Contains the VSYNC interrupt flag, 
programmable polarity bits, double 
height and background flag output 
control. 

OSORG; Contains the horizontal and vertical 
starting positions for the display in 
terms of multiples of horizontal and 
vertical scan lines. 

OSMOD: Contains bits specifying 12/14 
column display and shadowing 
modes. Also has bits contrlling OSD 
enabling/disabling. 


The ten SFRs that control the PWMs contain 
values and enable bits for the 8 6-bit PWMs 
(PWM0-PWM7) and values and enable bits 
for the 14-bit PWM (TDACL and TDACH). 

The D/A function Is controlled by the SAD 
register which allows a successive 
approximations A/D function to be performed 
in software. 

Reduced Power Modes 

There is no Idle Mode in the 8XC053/54/55. 
Power Down is supported, but because of a 
resistor ladder in the A/D, the power-down 
current is only reduced to 5mA (over Vcc 
from 2 to 6V). 

Interrupts 

To enable flicker-free updating of the display, 
a VSYNC interrupt is implemented that can 
be used by the DPU to update the display 
RAM during the vertical retrace. Since the 
part does not have a UART, that interrupt is 
removed. Also, all interrupts have equal 
priority on this part, so there is no IP register. 
Note that to facilitate Pulse-Width 
measurement, one of the external interrupts 
(External Int 1) will generate an Interrupt, if 
enabled, on both edges to allow easy 
software pluse width measurement. 


Table 1. 8XC053/54/55 Special Function Registers 


SYMBOL 

DESCRIPTION 

DIRECT 

ADDRESS 

BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 

MSB LSB 

RESET VALUE 

ACC* 

Accumulator 

EOH 

E7 

E6 

E5 

E4 

E3 

E2 

El 

EO 

OOH 

B* 

B register 

FOH 

F7 

F6 

F5 

F4 

F3 

F2 

FI 

FO 

OOH 

DPTR 

Data pointer (2 bytes) 











DPH 

Data pointer high 

83H 









OOH 

DPL 

Data pointer low 

82H 

AF 

AE 

AD 

AC 

AB 

AA 

A9 

A8 

OOH 

IE* 

Interrupt enable 

A8H 

EA 

- 

_ 

EVS 

ET1 

EX1 

ETO 

EXO 

OxOOOOOOB 

OSAD 

On-screen address 

9A 










OSAT* 

On-screen attributes 

98 










OSDT 

On-screen data 

99 

C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 


OSCON* 

On-screen display 
control 

CO 

Iv 

Pv 

Lv 

Ph 

Pc 

Po 

DH 

BFe 


OSMOD 

On-screen display 
mode 

C1 

Wc 

- 

Mode 

1 

Mode 

0 

- 

SHM2 

SHM1 

SHMO 


OSORG 

On-screen display 
origin 

C2 

HS4 

HS3 

HS2 

HS1 

HSO 

VS2 

VS1 

VSO 
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Table 1. 8XC053/54/55 Special Function Registers (Continued) 


SYMBOL 

DESCRIPTION 

DIRECT 

ADDRESS 

BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 
MSB LSB 

RESET VALUE 




87 

86 

85 

84 

83 

82 

81 

80 


PO* 

Porto 

80H 

PWM7 

PWM6 

PWM5 

PWM4 

PWM3 

PWM2 

PWM1 

TDAC 

FFH 




97 

96 

95 

94 

93 

92 

91 

90 


PI* 

Porti 

90H 

_ 

- 

_ 

- 

PWMO 

ADI2 

ADI1 

ADIO 

FFH 

P2* 

Port 2 

AOH 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 

FFH 




B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 


P3* 

Port 3 

BOH 

- 

- 

_ 

_ 

INTO 

TU 

TNTT 

- 

FFH 

PCON 

Power control 

87H 

- 

_ 

- 

_ 

GF1 

GFO 

PD 

— 

OxxxxxxxB 




D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 


PSW* 

Program status word 

DOH 

CY 

AC 

FO 

RSI 

RSO 

OV 


P 

OOH 

PWMO 

Lo-res pulse width 
modulators 

D4 










PWM1 

Lo-res pulse width 
modulators 

D5 










PWM2 

Lo-res pulse width 
modulators 

D6 










PWM3 

Lo-res pulse width 
modulators 

D7 










PWM4 

Lo-res pulse width 
modulators 

DC 










PWM5 

Lo-res pulse width 
modulators 

DD 










PWM6 

Lo-res pulse width 
modulators 

DE 










PWM7 

Lo-res pulse width 
modulators 

DF 

DF 

DE 

DD 

DC 

DB 

DA 

D9 

D8 


SAD* 

D/A and voltage com- 
parator 

D8 

VHi 

CHI 

CHO 

St 

SAD3 

SAD2 

SADI 

SADO 


SP 

Stack pointer 

81H 









07H 

TDACH 

Hi-res pulse width 
modulators 

D3 










TDACL 

Hi-res pulse width 
modulators 

D2 

8F 

8E 

8D 

8C 

8B 

8A 

89 

88 


ICON* 

Timer control 

88H 

TF1 I 

TR1 1 

TFO 1 

TRO 1 

IE1 1 

IT1 I 

lEO 1 

ITO 


THO 

Timer high 0 

8CH 









OOH 

TH1 

Timer high 1 

SDH 









OOH 

TLO 

Timer low 0 

8AH 









OOH 

TL1 

Timer low 1 

8BH 









OOH 

TMOD 

Timer mode 

89H 

GATE I 

C/T 1 

1 

MO 1 

GATE 1 

I 

Ml 1 

MO 

OOH 


* Bit addressable 
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DESCRIPTION 

The Microcontroller for Television and Video 
(MTV) applications is a derivative of Philips’ 
industry-standard 80C51 microcontroller that 
Is intended for use as the central control 
mechanism in a television receiver or tuner. 
Providing tuner functions and an On Screen 
Display facility, it represents a 
next-generation replacement for the currently 
available parts. 

The MTV is available in either an 8K masked 
ROM, 16K masked ROM, or 16K One Time 
Programmable (OTP) EPROM version. The 
only difference between these versions is the 
size or type of program memory. 

FEATURES 

• 8192 X 8 masked ROM (83C053), 

16384 X 8 masked ROM (83C054), or 
16384 X 8 OTP EPROM (87C054) 

• 192x8 RAM 

• On Screen Display (OSD) Controller 

• Three digital video outputs 

• Multiplexer/mixer and background intensity 
controls 

• Flexible formatting with OSD New Line 
Option 

• 128 X 10 display RAM 


• 60 X 18 x 14 character generator ROM 

• Eight text-shadowing modes 

• Text color selectable per character 

• Background color selectable per word 

• Background color vs. video selectable per 
character 

• Eight 6-bit pulse width modulators for 
analog voltage integration 

• One 14-bit PWM for high-precision voltage 
integration 

• D/A converter and comparator with 
three-input multiplexer 

• Nine dedicated I/Os plus 28 port bits 

• 15 port bits have alternate uses 

• Four high-current open-drain port outputs 

• 1 2 high-voltage (+1 2V) open drain outputs 

• Programmable video input and output 
polarities 

• 80C51 instruction set 

• No external memory capability 

• 42-pin shrink Dual In-Line Package 
(0.07-inch center pins) 

• High-speed CMOS technology 

• 5V ± 1 0% operation 


PIN CONFIGURATION 


Vpp/TDAC/POD [T 


Vcc 

PROG/PWM1/P0.1 


3 P3-7 

ASEUPWMZ/PaZ [F 


^ P3.6 

PWM3/P0.3 (T 


^ P3.5 

PWiyi4/P0.4 [F 


^ P3.4 

PWM5/P0.5 [T 


^ P3.3/IN-n} 

PWM6/P0.6 jT 


^ P3.2m) 

PWM7/P0.7 [F 


^ P3.1/INT1 

ADIO/P1.0 [F 


^ P3.0 

ADI1/P1.1 [lO 

DUAL 

^ RST 


IN-UNE 


AD12/P1.2 [n 

PACKAGE 

^ XTAL2 

PWM0/P1.3 


^ XTAL1 

PZ7[23 


^ BF 

P2.6 [14 


^ VCLK2 

P2.5 [is 


^ VCLKI 

P2.4[« 


^ VSYNC 

P2.3[^ 


^ HSYNC 

P2.2 


^ VCTRL 

P2.1 


^ VID2 

P2.0 


^ VID1 

Vss [£1 


^ VIDO 


ORDERING INFORMATION 




TEMPERATURE RANGE °C 

FREQUENCY 

DRAWING 

ROM 

EPROM 

AND PACKAGE 

MHz 

NUMBER 

P83C053BBP NB 


0 to +70, 42-Pin Plastic Dual In-Line Package 

3.5 to 12 

1680 

P83C054BBP NB 

P87C054BBP NB 

0 to +70, 42-Pin Plastic Dual In-Line Package 

3.5 to 12 

1680 
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PIN DESCRIPTIONS 


MNEMONIC 

PIN NO. 

DIP 

TYPE 

NAME AND FUNCTION 

VCLK1 

28 

1 

Video Clock 1: Input for the horizontal timing reference for the On Screen Display facility. VCLK1 
and VCLK2 are intended to be used with an external LC circuit to provide an on-chip oscillator. 

The period of the video clock is determined such that the width of a pixel in the On Screen Display 

Is equal to the inter-line separation of the raster. 

VCLK2 

29 

O 

Video Clock 2: Output from the on-chip video osdilator. 

HSYNC 

26 

1 

Horizontal Sync: A dedicated input for a TTL-level version of the horizontal sync pulse. The 
polarity of this pulse is programmable; its trailing edge Is used by the On Screen Display facility as 
the reference for horizontal positioning. 

VSYNC 

27 

1 

Vertical Sync: A dedicated input for a TTL-level version of the vertical sync pulse. The polarity of 
this pulse is programmable, and either edge can serve as the reference for vertical timing. 

VID2;0 

22-24 

o 

Digital Video bus: Three totem pole outputs comprising digital RGB (or other color encoding) 
from the On Screen Display facility. The polarity of these outputs is controlled by a programmable 
register bit. 

VCTRL 

25 

o 

Video Control: A totem-pole output indicating whether the On Screen Display facility is currently 
presenting active video on the VID2:0 outputs. This signal should be used to control an external 
multiplexer (mixer) between normal video and the video derived from VID2:0. The polarity of this 
outputs Is controlled by a programmable register bit. 

BF 

30 

o 

Background/Foreground: A totem-pole output which, when VCTRL is active, indicates whether 
the current video data represents a foreground (low) or background (high) dot in a character. This 
signal can be used to reduce the intensity of the background color and thus emphasize the text. If 
a 40-pin version of this part Is ever produced, BF will not be pinned out. 

P0.0-P0.7 

1^ 

I/O 

Port 0: An 8-bit open-drain bidirectional port. Port 0 pins that have ones written to them float, and 
in that state can be used as high-impedance inputs. The port 0 pins can also serve as outputs 
from the high-precision Pulse Width Modulator (TDAC) and seven of the eight lower-precision 

Pulse Width Modulator functions. For each PWM block, a register bit controls whether the 
corresponding pin is controlled by the block or by port 0; port 0 controls the pin immediately after a 
Reset. Regardless of how each pin is controlled, it can be externally pulled up as high as 
+1 2V±5%, and the state of the pin can be read from the Port 0 register by the program. 


1 

1 

Vpp (PO.O) - This pin receives the 12V programming supply voltage during EPROM programming. 


2 

1 

PROG (P0.1) - This pin receives the programming pulses during EPROM programming. 


3 

1 

ASEL {P0.2) - Input which indicates which bits of the EPROM address are applied to port 2. 


1 

o 

TDAC (PO.O) - This is the output for the 14-bit high-precision PWM. 


2-8 

o 

PWM1-7 (P0.1-P0.7) - Outputs for the 6-bit PWMs 1 through 7. 

PI. 0-PI. 3 

9-12 

I/O 

Port 1 : A 4-bit open-drain bidirection port. Port 1 pins that have ones written to them float, and in 
that state can be used as high-impedance inputs. PI .3 can also serve as the eighth 
lower-precision Pulse Width Modulator output (PWMO), and can be externally pulled up as high as 
+1 2V±5%. PI .2:0 have optional alternate use as ADI2:0, inputs to the Software A/D conversion 
facility. If a 40-pin version of this part is ever produced, PI .3/PWMO will not be pinned out. 

Any of the port 1 pins are driven low if the corresponding port register bit is written as 0, or, for 

PI .3 only, if the TDAC module presents a 0. The state of the pin can always be read from the port 
register by the program. 


9-11 

1 

ADIO-2 (P1.0-P1.2) - Inputs for the software A/D facility. 


12 

o 

PWMO (PI .3) - Output for the PWMO 6-bit PWM. 

P2.0-P2.7 

20-13 

I/O 

Port 2: An 8-bit open-drain bidirectional port. Port 2 pins that have ones written to them float, and 
in that state can be used as high-impedance inputs. P2.3:0 have high current capability (10 mA at 
0.5V) for LEDs. 

Any of the port 2 pins are driven low if the port register bit is written as 0. The state of the pin can 
always be read from the port register by the program. 

P3.0-P3.7 

34^2 

I/O 

Port 3: An 8-bit open-drain bidirectional port. Port 3 pins that have ones written to them float, and in 
that state can be used as high-impedance inputs. P3.0, P3.4. and P3.7 can be externally pulled up 
as high as +12V±5%, while P3.5 and P3.6 have 10mA drive capability. Some of the port 3 pins can 
also serve alternate functions, as follows: 


35 

1 

INTI (P3.1) - External Interrupt 1. 


36 

1 

TO (P3.2) - Timer 0 external input. 


37 

1 

INTO (P3.3) - External Interrupt 0. 
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PIN DESCRIPTIONS (Continued) 


MNEMONIC 

PIN NO. 

DIP 

TYPE 

NAME AND FUNCTION 

RST 

33 

1 

Reset: If this pin is high for two machine cycles (24 oscillator periods) while the oscillator is running, 
the MTV is reset. Also, this pin is used as a serial input to enter a test or EPROM programming mode, 
as on the 87C751. 

XTAL1 

31 

1 

Crystal 1 : Input to the inverting oscillator amplifier and clock generator circuit that provides the timing 
reference for all MTV logic other than tfie OSD facility. XTAL1 and XTAL2 can be used with a quartz 
crystal or ceramic resonator to provide an on-chip oscillator. Alternatively, XTAL1 can be conncected 
to an external clock, and XTAL2 left unconnected. 

XTAL2 

32 

O 

Crystal 2: Output from the Inverting oscillator amplifier. 

Vcc 


1 

Power Supply: This is the power supply for normal and power-down modes. 

Vss 


1 

Ground: OV reference. 


ROM CODE SUBMISSION 

When submitting a ROM code for the 83C053 
or 83C054, the following must be specified: 

1 . The 8k byte (83C053), or 1 6k byte 
(83C054) user ROM program. 

2. The OSD ROM space. 

This information can be submitted in an 
87C054. or in two EPROMs (2764), or 
electronically on the ROM Code Bulletin 
Board (see your local sales office for the 
number). 


ROM CODE SUBMITTAL 
REQUIREMENTS 


ADDRESS 

CONTENT 

COMMENT 

OOOOH to 
1FFFH 
(83C053) 
OOOHto 
3FFFH 
(83C054) 

DATA 

User ROM data 

COOOH to 
CFFFH 

OSD 

On-Screen 

Display 

character table 


PROGRAMMING THE OSD 
EPROM 

Overview 

The OSD EPROM space starts at location 
COOOH and ends at location CFFFH. 
However, not ail locations within this space 
are used, due to the addressing scheme of 
the OSD. 

The start location of the next character can 
be calculated by adding 40H to the start 
location of the previous character. For 
example, character #1 starts at COOOH; then 
characters 2. 3, and 4 start at C040H, 

C080H, and COCOH, respectively. 

Character Description 

Each character is 14 bits wide by 18 lines 
high. 

A character is split about a vertical axis into 
two sections, UPPER and LOWER. Each 
section contains 7 bits of the character, such 
that the LOWER section contains 1-7 and 
the UPPER section contains bits 8-14. 

NOTE; During programming and verification, 
each section is programmed using 
bytes of DATA. The MSB of the 
DATA is not used; however, tiie MSB 
location physically exists, and so will 
program and verify. 


The LOWER section of the character is 
programmed when the LSB of the program 
address equals 0, and the UPPER section 
when the LSB equals 1 . 

Character Programming 

An example of an OSD character bit map, 
and the program DATA to obtain that 
character is shown in Table 1 . 

OSD EPROM Bit Map 

The mapping for the full OSD EPROM is 
shown in Table 2. 


Example 

To program the character given above into 
the first character location of the OSD 
EPROM would require the following 
address/DATA sequence; 


COOO/OOH 

C003/00H 

C006/0CH 

C009/1EH 

COOC/OCH 

C00F/1EH 

C012/7CH 

C015/1FH 

C018/0CH 

C01B/1EH 

C01E/0CH 

C021/(X)H 


C001/00H 
C004/0CH 
C007/1EH 
COOA/OCH 
C00D/1EH 
C010/7CH 
C013/1FH 
C016/0CH 
C019/1EH 
C01C/0CH 
COIF/1 EH 
C022/00H 


C002/00H 

C005/1EH 

C008/0CH 

C00B/1EH 

COOE/OCH 

C011/1FH 

C014/7CH 

C017/1EH 

C01A/0CH 

C01D/1EH 

CO2O/0OH 

C023/00H 
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Table 1 . Example of an OSD Character Bit Map 


CHARACTER BIT MAP 

PROGRAM DATA 



UPPER LOWER 

UPPER 

LOWER 



< > 





11111 

43210987654321 



Line 1 

> 

00000000000000 

xooooooo 

xooooooo 

Line 2 
Lines 

> 

00000000000000 

xooooooo 

xooooooo 

> 

0011 1100001 100 

X001 1 1 10 

X0001 100 

Lines 

> 

00111 100001 100 

X001 1 1 1 0 

X0001 100 

Une 6 

> 

0011 1 100001 100 

XOOl 1110 

X0001 100 

Une 7 

> 

00111 100001 100 

X001 1110 

X0001 1 00 

Line 9 

> 

0011 1100001 100 

XOOl 1 1 1 0 

X0001 100 

Line 10 

> 

0011 1100001 100 

XOOl 1110 

X0001 100 

Line 11 
Line 12 
Une 13 

> 

0011 1111111100 

XOOl 1111 

XI 1 1 1 1 0 1 


00111111111100 

XOOl 1 1 1 1 

X1 1 1 1 1 0 1 

Une 14 

— > 

00111111111100 

XOOl 1 1 1 1 

XI 1 1 1 1 0 1 

Une 15 
Une 16 
Une 17 

— > 

001 1 1 100001 100 

XOOl 1110 

X0001 100 

^ 

001111 00001 1 00 

XOOl 1 1 1 0 

X0001 100 

Line 1 8 

— > 

001 1 1 100001 100 

XOOl 1110 

X0001 1 00 



00111 100001 100 

XOOl 1 1 1 0 

X0001 100 



0011 1100001 100 

XOOl 1110 

X0001 100 



00000000000000 

XOOOOOOO 

xooooooo 



00000000000000 

xooooooo 

xooooooo 


NOTE: 

X can be 0 or 1 , and will program and verify correctly. 


Table 2. OSD EPROM Bit Map 


CHARACTER NO. 

ADDRESS 

CHARACTER UNE NO. 

COMMENTS 

1 

cooo 

1 

Lower byte 


C001 

1 

Upper byte 


C002 

2 

Lower byte 


C003 

2 

Upper byte 


• 

• 

• 


• 

• 

• 


• 

m 

* 


C022 

18 

Lower byte 


C023 

18 

Upper byte 


C024-C03F 

Unused 


2 

C040-C063 

1-18 



C064^C07F 

Unused 


3 

C080-C0A3 

1-18 



C0A4-C0BF 

Unused 


• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

62 

CFCO-CFE3 

1-18 

NEWLINE 


CFE4-CFFF 

Unused 


63 

CFC0-CFE3 

1-18 

BSPACE 


CFE4-CFFF 

Unused 


64 

CFC0-CFE3 

1-18 

SPLITBSPACE 


CFE4-CFFF 

Unused 



NOTE: 

Locations 62, 63. and 64 should be programmed to O’s. 
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COMPARISON TO THE 80C51 

The elements of the MTV are shown In the 
Block Diagram. The features of the MTV are 
identical to those of the 80C51 , except as 
noted herein. 

Pinout and Testing 

Since neither data nor program memory is 
externally expandable on the MTV, the 80C51 
pins ALE, EA, and PSEN are not 
implemented on the MTV. 

I/O Ports 

On both the 80C51 and the MTV, port 0 Is 
open-drain, but on the 80C51 it can be used 
for external memory expansion while on the 
MTV its alternate use is for Pulse Width 
Modulated outputs. 

On the 80C51 , port 1 is 8 bits, is mostly 
unallocated (general purpose), and is 
quasi-bidirectional (that is, having a weak 
pullup transistor that can be overdriven). On 
the MTV it is a 4-bit open-drain port, and 
includes alternate uses for analog inputs and 
a PWM output. 

On the 80C51 , port 2 is quasi-bidirectional 
and can be used for external memory 
expansion: on the MTV, port 2 is open-drain 
and unallocated. 


2. The VSYNC input used by tfie On Screen 
Display facility can generate an interrupt. 
The active polarity of the pulse is 
programmable, as described in a later 
section. The interrupt occurs at the 
leading edge of the pulse. 

3. External Interrupt 1 is modified so that an 
interrupt is generated when the input 
switches In either direction (on the 8051 , 
there is a programmable choice between 
interrupt on a negative edge or a low level 
on INTI ). This facility allows for software 
pulse-width measurement handling of a 
remote control. 

4. The IP register is not used, and the IE 
register is similar to that on the 80C51 : 

IE 

7654321 0 

I EA I - I - I EVS I ETI I EX1 I ETO | EXO | 

Six-Bit PWM DACs 

The structure of these modules is shown in 
Figure 2. First, the basic MCU clock is 
divided by 4 to get a waveform that clocks a 
6-bit counter which is common to all the 
PWMs, including the 14-bitone. This divided 
clock is hereafter called the PWM counter 
clock. 


On the 80C51 , port 3 is quasi-bidirectional 
and all eight bits have alternate uses. On the 
MTV, three port 3 bits have some of the same 
alternate uses as on the 80C51 but not 
necessarily on the same pins, while five pins 
are open-drain and unallocated. 


Each PWM block has a special function 
register PWMn arranged as follows: 

PWMD-PWM7 

7 6 S 4 3 2 1 0 

|PWE I - I PVS I PV4 I PV3 I PV2 | PV1 | PV0~| 


Idle Mode 

The idle mode is not implemented on the 
MTV. 

Power-Down Mode 

The power-down mode is not implemented on 
the MTV. The PCON register has the 
following format: 

PCON 

7 6 5 4 3 2 1 0 


Interrupts 

The interrupt facilities of the MTV differ from 
those of the 80C51 as follows: 

1 . Since there is not a serial port, there are 
no interrupts nor control bits relating to 
this interrupt. The interrupts and their 
vector addresses are as follows: 


Event 

Reset 

External INTO 
Timer 0 
External INTI 
Timer 1 
VSync Start 


Program Memory 
Address 

000 
003 
OOB 
013 
01 B 
023 


If the PWE bit for a particular PWM block is 
1 , the block is active and controls its 
assigned port pin; if PWE Is 0 the 
corresponding port pin Is controlled by the 
port. The “value" field (PVS ... PVO) of each 
PWM register is compared to (the LS 6 bits 
of) the common counter. When the value 
matches, the output FF is cleared, so that the 
output pin is driven low. When the value rolls 
over to zero, the output FF is set, so that the 
output pin is released. Thus the output 
waveform has a fixed period of 64 PWM 
counter clocks; Its duty cycle is determined 
by PWMn .5:0. 

Three of the nine total PWMs operate as 
described above; for three others, both the 
rising and falling edges of the output are 
delayed by one PWM clock; for the remaining 
three, both edges are delayed by two PWM 
clocks. This feature reduces the 
radio-frequency emission that would 
otherwise occur when the counter rolled over 
to zero and all nine open-drain outputs were 
released. 


14-Bit PWM DAC (TDAC) 

This feature was partially described in the 
preceding section. As shown in Figure 3, the 
6-bit counter used for the lower precision 
PWMs is In fact the least significant part of a 
14-bit counter used for this facility. The nature 
of the counter is such that it can achieve a 
stable output value through Its MSB, and the 
value can propagate through logic like that 
shown in Figure 3, and the logic output can 
be stable within one period of the PWM 
counter dock (e.g., 250 ns) if edge-triggered 
logic is used to capture the logic output, or 
within one phase of the PWM counter dock 
(e.g., 125 ns) If a phase of the PWM counter 
clock is used to capture the logic output. For 
cost and die-size reasons, it is preferable that 
the TDAC counter be a ripple counter. 

This feature is controlled by two special 
function registers: 


TDACL 


7 

6 

5 

4 

3 

2 

1 

0 

|tD7 I 

TDO 

1 TD1 

1 TD2 

1 TD3 

|tD4 

1 TD5 


TDACH 

7 

8 

5 

4 

3 

2 

1 

0 


- 

|tD13 

1 TD12 

|tdii 

|tdio 

|tD9 

|tD8 I 


When software wishes to change the 14-blt 
value (TDO - TD1 3), it should first write 
TDACL and then write TDACH. Alternatively, 
if the required predsion of the duty cycle is 
satisfied by 6 bits or less, software can simply 
write TDACH. Note from Figure 3 that this 
block includes an “extra” 14-bit latch between 
TDACL/H and the comparator and other 
logic. The programmed value is clocked into 
the operative latch when the 7 low-order bits 
of the counter roll over to zero, provided that 
the software is not in the midst of loading a 
new 14-blt value (that is. It is not between 
writing TDACL and writing TDACH). 

In a similar fashion to the lower-precision 
PWMs, this fadlity has an output FF that is 
set when the lower 7 bits of the counter 
overflow/wrap. The more significant 7 bits of 
the operative latch’s programmed value are 
compared for equality against the less 
significant 7 bits of the counter, and the 
output FF is cleared when they match. Thus 
this output has a fixed period of 128 PWM 
counter docks, and the duty cyde is 
determined by the programmed value. 

For the higher-precision aspect of this 
feature, the 7 more-significant bits of the 
counter are used in a logic block with the 7 
less-significant bits of the programmed value. 
The 7th LSB (binary value 64) of the 
programmed value is ANDed with the 7th 
MSB (128) of the counter, the 6th LSB of the 
value is ANDed with the counter’s 6th and 7th 
MSBs being 1 0, and so on through the LSB 
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of the programmed value being ANDed with 
the counter’s 7MSBs being 100000. Then 
these 7 ANDed terms are ORed. If the result 
is true/1 at the time the 7 LSBs of the counter 
match the MSBs of the programmed value, 
the output is forced high for 1 (additional) 
PWM counter clock. 

The result is that, if the value-64 bit of the 
1 4-bit value is programmed to 1 , every other 
cycle of 1 28 PWM counter clocks has Its duty 
cycle stretched by one counter clock; if the 
value-32 bit is programmed to 1 , every 4th 
cycle is stretched, and so on through, if the 
value-1 bit is programmed to 1 , one cycle out 
of each 1 28 is stretched. 


Assuming the external integrator can handle 
all this, the net effect is a PWM DAC that has 
the period of a 7-bit design (which makes the 
integrator easier and more feasible to design) 
with the accuracy of a 14-bit one. There is 
some question whether all of the least 
significant bits can be effectively integrated, 
or whether they simply act as a source of 
ripple in the integrated voltage. An obvious 
prerequisite for such precision is that the load 
on the voltage must be very light, like a single 
op amp or comparator. 

The TDAC feature differs from the 
corresponding features of predecessor parts 
in several ways; 


1. The 1 4-bit value is functionally composed 
of major and minor portions of 7 bits each. 

2. The 14-bit value is programmed as a 
contiguous multi-register value that can 
be manipulated straight-forwardly via 
arithmetic Instructions. 

3. As discussed for the 6-bit DACs, both of 
the preceding parts had a feature 
whereby the PWM output could be 
inverted, redundantly with complementing 
the 14-bit value. This feature has been 
eliminated. 


DATA 

MEMORY 


SPECIAL 

FUNCTION 

REGISTERS 


ADDRESS TYPE 


DIRECT 

BIT 

REGISTER 

USE 

00-07 


R0-R7 

On-chip RAM (RO-7 if PSW.4-3 = 00) 

08-0F 


R0-R7 

On-chip RAM (RO-7 if PSW.4-3 = 01 ) 

10-17 


R0-R7 

On-chip RAM (RO-7 if PSW.4-3 = 10) 

18-1F 


R0-R7 

On-chip RAM (RO-7 if PSW.4-3 = 11) 

20 

07-00 


On-chip RAM 

21-2E 

77-08 


On-chip RAM 

2F 

7F-78 


On-chip RAM 

30-7F 



On-chip RAM 

80 

87-80 

PO 

Porto 

81 


SP 

Stack Pointer 

82 


DPL 

Data Pointer LSBYTE 

83 


DPH 

Data Pointer MSBYTE 

87 


PCON 

Power Control 

88 

8F-88 

TCON 

Timer Control 

89 


TMOD 

Timer Mode 

8A 


TLO 

Timer 0 LSBYTE 

8B 


TL1 

Timer 1 LSBYTE 

8C 


THO 

Timer 0 MSBYTE 

8D 


TH1 

Timer 1 MSBYTE 

90 

97-90 

PI 

Porti 

98 

9F-98 

OSAT 

On Screen Attributes 

99 


OSDT 

On Screen Data 

9A 


OSAD 

On Screen Address 

AO 

A7-A0 

P2 

Port 2 

A8 

AF-A8 

IE 

Interrupt Enable 

BO 

B7-B0 

P3 

Port 3 

CO 

C7-C0 

OSCON 

On Screen Display Control 

Cl 


OSMOD 

On Screen Display Mode 

C2 


OSORG 

On Saeen Display Origin 

C3 


RAMCHR 

For Test Use Only 

C4 


RAMATT 

For Test Use Only 

DO 

D7-D0 

PSW 

Program Status Word 

D2 


TDACL 

Hi-Res Pulse Width Modulator 

D3 


TDACH 

Hi-Res Pulse Width Modulator 

D4-D7 


PWMO-3 

Lo-Res Pulse Width Modulators 

D8 

DF-D8 

SAD 

D/A and Voltage Comparator 

DC-DF 


PWM4-7 

Lo-Res Pulse Width Modulators 

EO 

E7-E0 

A 

Accumulator 

FO 

F7-F0 

B 

B Register 


ON-CHIP RAM 
IF ACCESSED 
INDIRECTLY 


Figure 1. Data Memory and Special Function Registers on the MTV 
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Software A/D Facility 

This facility is shown in Figure 4. It represents 
an alternate use whereby any of the P 1.0 
through PI .2 pins can be selected as one 
input of a linear voltage comparator. The 
block includes one special function register: 


I VHi I CHI I CHO I St [SAD3 [SAD2|SADl| SADo| 

As shown in Figure 4 the other input of the 
comparator is connected to a 4-bit D/A that is 
controlled by the 4 LSBs of the SAD register, 
producing a reference voltage nominally 
0.15625V to 4.84375V by steps of 0.3125V. 
The output of the comparator (high/low) can 
be read by the program as the MSB of the 
register, which is bit addressable. 

The St bit should be written as 1 in order to 
initiate a voltage comparison. After writing 
St=1. the program should include intervening 
instructions totalling at least six machine 
cycles (72 CLK periods or 6 microseconds at 


1 2MHz). before the instruction that accesses 
and tests VHi. 

The chan field controls which pin, if any, is 
connected to this facility: 

CHI CHO pin 

0 0 none 

0 1 P1.0 

1 0 P1.1 

1 1 P1.2 

Port 1 has open-drain drivers which will not 
materially affect an analog voltage as long as 
any and all pins used for software A/D 
measurement have corresponding ones in 
the port register. 

On Screen Display (OSD) Module 

This block is the largest of the additions that 
are specific to this product. Its basic function 
Is to superimpose text on the television video 
Image, to indicate various parameters and 
settings of the receiver or tuner. External 
circuitry handles the mixing (multiplexing) of 
the text and the TV video. 


The overall OSD block has four Input pins: 
two for a video clock, plus the horizontal and 
vertical sync signals. The video clock pins are 
used to connect an LC circuit to an on-chip 
video oscillator that is Independent of the 
normal MCU clock. The L and C values are 
chosen so that a video pulse, of a duration 
equal to the VCLK period, will produce a 
more-or-less square dot on the screen, that 
is, a dot having a width approximately equal 
to the vertical distance between consecutive 
scan lines. 

The video oscillator is stopped (with VCLK2 
low) while horizontal sync is asserted, and Is 
released to operate at the trailing edge of 
horizontal sync. This technique helps provide 
uniform horizontal positioning of 
characters/dots from one scan line to the 
next. 

The block has four outputs, three color video 
signals, and a control signal. Since this block 
is the major feature of the part, its main 
inputs and outputs are dedicated pins, 
without alternate port bits. 
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PWM CLOCK 

DIVIDE 




BY4 




1 




BOND 

PAD 

<3= 

-U 


L 




r 


= 7-BIT COMPARATOR 


Figure 3. 14-Bit PWM (TDAC) Logic 


VOLTAGE 

COMPARATOR 



Figure 4. Software A/D Facility 
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Display RAM 

The OSD of the MTV differs from that in 
preceding devices in one major way: It does 
not fix the number and size of displayed rows 
of text. Several predecessor parts allowed 
two displayed rows of 16 characters each. 

The MTV simply has 1 28 locations of display 
RAM, each of which can contain a displayed 
character or a New Line character that 
indicates the end of a row. A variant of the 
New Line character is used to indicate the 
end of displayed data. 

The three major elements of the OSD facility 
are shown In the Block Diagram. Each 
display RAM location includes 6 data bits and 
4 attribute bits. The 6 data bits from display 
RAM. along with a line-within-row count, act 
as addresses into the character generator 
ROM, which contains 60 displayable bit maps 
(64 minus one for each of New Line and three 
Space characters). Each bit map includes 18 
scan lines by 14 dots. The character 
generator ROM is maskable or 
programmable along with the program ROM 
to allow for various character sets and 
languages. 

The programming interface to display RAM is 
provided by three special function registers: 

OSAD 


7 6 5 4 3 

2 

1 

0 

1 -|OSAD6|OSAD5|OSAD4|OSAD3|OS 

AD2|oSADl|oSADo| 

OSDT 

7 6 5 4 3 

2 

1 

0 

1 -| - |OSDT5|OSDT4|OSDT3|OSDT2|OSDT1|OSDTO| 

OSAT (with OSDT = New Line) 

7 6 5 4 3 

2 

1 

0 

- 1 - 1 - 1 E 1 - 1 

SR 


I I 

OSAT (with OSDT = BSpace or SplitBSpace) 

7 6 5 4 3 2 1 

0 

1 - 1 - 1 - 1 B 1 - 1 

BC2 

1 BC1 

I BCO I 

OSAT (with OSDT = any other) 

7 6 5 4 3 

2 

1 

0 

1 - 1 - 1 - 1 B 1 - 1 

FC2 

1 FC1 



OSAD (“On Screen ADress”) contains the 
address at which data will next be written into 
display RAM. while the ten active bits in 
OSDT (“On Screen DaTa”) plus OSAT ("On 
Screen ATtributes”) correspond exactly to the 
10 bits in each display RAM location. FColor 
indicates the color of foreground (1 ) pixels In 
the ROM bit map for this character, while B 
indicates whether background (0) pixels 
should show the current background color 
(B=1) or television video (B=0). Thus, for the 
1 bits in a character’s bit map, the VID2:0 
pins are driven with (FColor) and VCTRL is 
driven active, while for 0 bits VID2:0 are 
driven with the background color (except for 
shadow bits) and VCTRL is driven with the B 
bit. 

Writing OSAT simply latches the attribute bits 
into a register, while writing OSDT causes the 
data bus information, plus the contents of the 
OSAT register, to be written into display 
RAM. Thus, for a given display RAM location, 
OSAT should be written before OSDT. If 
successive characters are to be written into 
display RAM with the same attributes, OSAT 
need not be rewritten for each character, only 
prior to writing OSDT for the first character 
with those particular attributes. 

In reality, there is a potential conflict between 
the timing of a write to OSDT and an access 
to display RAM by the OSD logic for data 
display. This is resolved by the use of a true 
dual-ported RAM for display memory. 

OSAD is automatically incremented by one 
after each time OSDT and display RAM are 
written. Except in special test modes that are 
beyond the scope of this spec release, 
display RAM cannot be read by the MCU 
program. 

The OSAT attribute bits associated with the 
BSpace (data=111110), SplitBSpace (111111), 
and New Line (111101) characters are 
interpreted differently from those that 
accompany other data characters. With 
BSpace and SplitBSpace, B is interpreted as 
described above, but the 3 color bits spedfy 
the Background color (BColor) for 
subsequent characters. For BSpace, a 
change in B and BColor becomes effective at 
the left edge of the character’s bit map. For 
SplitBSpace, a change in B and BColor 


occurs halfway through the character 
horizontally. The normal Space character 
(111100) has no effect on the BColor value. 

BColor values 000 and 1 1 1 minimize the 
occurrence of transient states among the 
VID2:0 outputs. 

The background color defined by the most 
recently encountered BSpace or SplitBSpace 
character is maintained on the VID2:0 pins 
except at the following times: 

1 . During the active time of HSYNC, 

2. During the active time of VSYNC, 

3. During those pixels of an active character 
that correspond to a 1 in the character’s 
bit map, 

4. During a “shadow” bit. 

The BColor value is not cleared between 
vertical scans, so that if a single background 
color is all that is needed in an application, it 
can be set via a single BSpace character 
during program initialization, and never 
changed thereafter. In order for such a 
BSpace to actually affect the MTV's internal 
BColor register the Mode field of the OSMOD 
register must be set to 01 (or higher) so that 
the OSD hardware is operating. 

With a New Line character, if the E bit is 1 , no 
further rows are displayed on the screen. If E 
is 0 and D is 1 , all of the characters in the 
following row are displayed with Double 
height and width. If E is 0 and Sh is 1 , all of 
the characters in the following row are 
displayed with shadowing, as described in a 
later section. If E is 0 and SR is 1 , the next 
row is a “short row": It is only 4 or 8 scan 
lines high rather than 18 or 36. Short rows 
can be used for underlined text. 

The latches in which the E, D, Sh, and SR 
bits are captured are cleared to zero at the 
start of each vertical scan. This means that if 
the first text line on the screen is a short row, 
or if it contains either double size or 
shadowing, the text must be preceded by a 
New Line character. Like all such characters, 
this initial New Line advances the vertical 
screen position; the VStart value (see below) 
should take this fact into account. 
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Other OSD Registers 

A number of changes in the OSD architecture 
have reduced the number of other special 
function registers involved in the feature, 
below the number needed with predecessor 
devices: 

1 . The elimination of certain options such as 
4, 6, or 8X character sizes and alternate 
use of two of the video outputs. 

2. The moving of certain other options from 
central registers to display RAM, such as 
foreground color codes and background 
selection. 

OSCON 

7 6 S 4 3 2 1 0 

I IV I Pv I Lv I Ph I Pc I Po I DH I Bl^ 

The IV bit is the interrupt flag for the OSD 
feature. It is set by the leading edge of the 
VSYNC pulse, and is cleared by the 
hardware when the VSYNC interrupt routine 
is vectored to. It can also be set or cleared by 
software writing a 1 or 0 to this bit. 

NOTE 

It is theoretically possible that a VSYNC 
interrupt could be missed, or an extra one 
generated, if OSCON is read, then 
modified internally (e.g., in Ac), and the 
result written back to OSCON. However, 
none of the other bits in OSCON are 
reasonable candidates for dynamic 
change. Special provisions are included in 
the MTV logic so that IV will not be 
changed by a single “read-modify-write” 
instruction such as SETB or CLR, unless 
the instruction specifically changes IV. 

A 0 (1) in Pv designates that the VSYNC 
input is high-active (low-active). One effect of 
this bit is that the VID2:0 and VCTRL outputs 
are blocked (held at black/inactive) during the 
active time of VSYNC. The IV bit is set on the 
leading edge of the VSYNC pulse; thus Pv 
controls whether the OSD interrupt occurs in 
response to a high-to-low or low-to-high 
transition on VSYNC. 

A 0 (1) in Lv designates that the leading edge 
(active level) of VSYNC, as defined by Pv, 
clears the state counter that is used to 
determine the vertical start of on-screen data. 
In effect, Lv=0(1) says that the leading 
(trailing) edge of VSYNC is the time 
reference for the video field. 

A 0 (1) in Ph designates that the HSYNC 
input is high-active (low-active). 

A 0 (1 ) in Pc designates that a high (low) on 
the VCTRL output means “show the color on 
VID2;0". 


A 0 (1) in Po designates that a 0 (1) internal 
to the MTV corresponds to a low on one of 
the VID2;0 pins. This control bit is needed 
only because the Shadowing feature needs to 
generate black pixels without reference to a 
register value: Internally, the 3-bit code 000 
always designates black. 

If DH is 1 , character sizes are doubled 
vertically but not horizontally. This feature 
allows the MTV to be used in “improved 
definition” systems that are not interlaced. 

The vertical doubling imposed by DH does 
not affect the VStart logic described below; It 
operates in HSync units regardless of DH or 
D. 

If BFe is 1 , the BF output tracks whether 
each bit in displayed characters is a 
foreground bit (low) or a background bit 
(high). If BFe is 0, the BF pin remains high. 

OSORG 

7 6 5 4 3 2 1 0 

I HS4 I HS3 I HS2 I HSi | HSO | VS2 | VSl | VS^ 

The HStart field (HS4 - HSO) defines the left 
end (start) of all of the on-screen character 
rows, as a multiple of four VCLKs. Active 
display begins 4(HStart)+1 VCLKs plus one 
single-sized character width after the trailing 
edge of HSYNC. Counting variations in Wc. 
there may be 17 to 143 VCLKs from the end 
of HSYNC to the start of the first character of 
each row. 

The VStart field (VS2 - VSO) defines the top 
(start) of the first on-screen character row, as 
a multiple of four HSYNC pulses. Active 
display begins 4(VStart)-1 HSYNCs after the 
field’s time reference point, a range of 3 to 
31. Subsequent character rows occur directly 
below the first, such that the last scan line of 
one row Is directly followed by the first scan 
line of the next row. Successive New Line 
characters (with or without the Short Row 
designation) can be used to vertically 
separate text rows on the screen. 

Neither the HStart nor VStart parameter is 
affected by the D line attribute that is used to 
display double-sized characters. 

OSMOO 

7 6 5 4 3 2 1 0 

I Wc I - I Model I ModeO | - | SHM2 | SHMI | SHMo] 

If the mode bits (Mode 1 , Mode 0) are 00, the 
OSD feature is disabled. The VCLK oscillator 
is disabled, V1D2;0 are set to black, and 
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VCTRL is held inactive. This is the mode to 
which the MTV OSD logic is reset. A direct 
transition from this mode to active display 
(lx) would result in undefined operation and 
visual effects for the duration of the current 
video field (until the next VSYNC). 

If the mode is 01 , ttie VCLK oscillator is 
enabled and the OSD logic operates normally 
internally, but VID2;0 are set to black and 
VCTRL is held inactive. The OSD feature can 
be toggled between this state and lx as 
desired to achieve real-time special effects 
such as “vertical wiping.” 

Mode 10 represents normal OSD operation. 
Active characters can be shown against TV 
video (for characters with B=0) or (for 
characters with B=1) against a background of 
the color defined as an attribute of BSpace 
and SplitBSpace characters. 

In mode 11, characters can be displayed but 
all of the receiver’s normal video is inhibited 
by holding VCTRL asserted throughout the 
active portion of each scan line. Since V1D2:0 
are driven with the current background color 
during this time, except during the foreground 
portion of displayed characters, this produces 
text against a solid background. This mode is 
useful for extensive displays that require user 
concentration. 

If Wc is 1 , then each displayed character is 
horizontally terminated after 1 2 bits have 
been output, as opposed to after 14 bits if Wc 
is 0. This allows text to be “packed” more 
tightly so that more characters can be 
displayed per line. In effect, the 2 bits out of 
the display ROM, which would otherwise be 
the rightmost 2 of the 1 4, are ignored when 
Wc is 1 . Clearly, if this feature is to be used, it 
must be accounted for in the design of the bit 
maps in the display ROM. 

The 3-bit ShMode field (SHM2 - SHMO) 
determines how characters are shadowed in 
rows for which the SH row attribute is 1 . As 
shown in Figure 5, the values 000-110 
indicate an apparent light source position 
ranging from the lower left clockwise to the 
lower right, while the value 1 1 1 indicates 
full-surround shadowing. 

Under some conditions writing to OSMOD 
while the display is active can cause a 
temporary flicker during that display field. 

This can be avoided by only writing to 
OSMOD during the vertical sync interval. 
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Figure 5. Effect of Shadowing on the Letter “E” 



January 26, 1993 


596 



Philips Semiconductors Microcontroller Products 


Product specification 


Microcontroller for television 
and video (MTV) 


83C053/83C054/87C054 


DC ELECTRICAL CHARACTERISTICS 

Vcc = 5V ±10%, Tanto = 0°C to +70°C 




TEST 

UMITS 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

MAX 

UNIT 

NOTES 

V|L 

Input low voltage 


-0.5 

0.2Vcc-0.1 

V 

mu 

ViLI 

Input low voltage (VSYNC, HSYNC) 


-0.5 

0.16 X Vcc 

V 

mH 


Input high voltage (PI. 2:0, P2.7:0, P3.6:5, P3.3:1, 
VSYNC. HSYNC) 


0.2Vcc+0.9 


V 

n 


Input high voltage (portO, PI. 3, P3.7, P3.4, P3.0) 


0.2Vcc+0.9 

12.6 

V 

iimi 

V|H3 

Input high voltage (VSYNC) 




V 

mi 

B 

> 

X 

> 

Input high voltage (portO, PI. 3, P3.7, P3.4, P3.0) with 
respect to Vcc 



8 

V 

1 

V,H 

Input high voltage (XTAL1 , VCLK1 , RST) 

— 

0.7Vcc 




VoL1 

Output low voltage (P2.3;0, P3.6:5) 

Iql = 1 0mA 


0.5 


5 

VoL2 

Output low voltage (TDAC, PWM0:7) 

Iql = 700pA 


0.5 

V 

2 

VoL3 

Output low voltage (all other outputs) 

Iql = 1 -6mA 


0.45 

V 

mu 

VoH 

Output high voltage (port 1, VID2:0, VCTRL, BF) 

loH = -60pA 

■■ 


V 

imi 

Rrst 

Reset pulldown resistor 


50 

300 

ka 


Cto 

Pin capacitance 

Test freq = 1 MHz, 

Tamb = 25°C 


10 

pF 

4 

IPD 

Power-down current 

Vcc = 2 to 6V 


5 

mA 


•cc 

Normal mode supply current 

Vcc = 5.5V 


30 

mA 

3 

HYS 

Hysteresis (VSYNC. HSYNC) 

Either HSYNC polarity 

0.8 


V 



NOTES: 


1 . This maximum applies at all times, including during power switching, and must be accounted for in power supply design. During a power-on 
process, the +12 volt source used for external pullup resistors should not precede the Vcc of the MTV up their respective voltage ramps by 
more than this margin, nor, during a power-down process, should Vcc precede +12V down their respective voltage ramps by more than this 
margin. 

2. The specified current rating applies when any of these pins is used as a Pulse Width modulated output. For use as a port output, the rating is 
as given subsequently. 

3. Ice measured with OSD block initialized and Reset remaining low. 

4. The capacitance of pins PO.O and P0.7 for the 87C054 exceeds lOpF. PO.O is 40pF maximum, while P0.7 is 20pF maximum. 

5. No more than 6 (any 6) of these 10 high current outputs may be used at the VoL1 (Iql = 10mA) specification. The other 4 should comply with 
the VoL 3 specification (Iql = 1 .6mA). 
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AC ELECTRICAL CHARACTERISTICS 

Vcc = 5V ±1 0%. Tamb = 0°^ to +70°C 


SYMBOL 

PARAMETER 

TENTATIVE LIMITS 

UNIT 

NOTES 

MIN 

MAX 

1/tCLCL 

XTAL Frequency 

6 

12 

MHz 

1 

fCHCX 

XTAL1 Clock high time 

20 


ns 

2 

tCLCX 

XTAL1 Clock low time 

20 


ns 

2 

tcLCH 

XTAL1 Clock rise time 


20 

ns 

2 

tCLCL 

XTAL1 Clock fall time 

5 

20 

ns 

2 

l/tvCLCL 

VCLK Frequency 

5 

8 

MHz 


ifvCOH-tvcOL 1 

Rise vs. fall time skew on any one of VID2;0, VCTRL, BF 


40 

ns 

3 

ltvCOHl-tvCOH2 1 

Rise time skew between any two of VID2:0, VCTRL, BF 


30 

ns 

3 

lfvCOLl“fvCOL2 1 

Fall time skew between any two of VID2.0, VCTRL, BF 


30 

ns 

3 


NOTES: 

1 . The MTV is tested at its maximum XTAL frequency, but not at any other (lower) rate. 

2. These parameters apply only when an external clock signal is used. 

3. These parameters assume equal loading at Cl = lOOpF. for ail the referenced outputs. These parameters are specified but not tested. 


PROGRAMMING 

CONSIDERATIONS 

EPROM Characteristics 

The 87C054 is programmed by using a 
modified Quick-Pulse Programming algorithm 
similar to that used for devices such as the 
87C51 . It differs from these devices in that a 
serial data stream is used to place the 
87C751 in the programming mode. 

Figure 6 shows a block diagram of the 
programming configuration for the 87C054. 
Port pin PO.O is used as the programming 
voltage supply input (Vpp signal). Port pin 
PO. 1 is used as the program (PGM/) signal. 
This pin is used for the 25 programming 
pulses. 

Port 2 is used as the address input for the 
byte to be programmed and accepts both the 
high and low components of the eleven bit 
address. Multiplexing of these address 
components is performed using the ASEL 
input. The user should drive the ASEL input 
high and then drive port 2 with the high order 
bits of the address. ASEL should remain high 
for at least 1 3 clock cycles. ASEL may then 
be driven low which latches the high order 
bits of the address internally. The high 
address should remain on port 2 for at least 
two clock cycles after ASEL is driven low. 

Port 2 may then be driven with the low byte of 
the address. The low address will be 
internally stable 13 clock cycles later. The 
address will remain stable provided that the 
low byte placed on port 2 is held stable and 
ASEL is kept low. Note: ASEL needs to be 


pulsed high only to change the high byte of 
the address. 

Port 3 is used as a bidirectional data bus 
during programming and verify operations. 
During programming mode, it accepts the 
byte to be programmed. During verify mode, 
it provides the contents of the EPROM 
location specified by the address which has 
been supplied to Port 2. 

The XTAL1 pin is the oscillator input and 
receives the master system clock. This clock 
should be between 1 .2 and 6MHz. 

The RESET pin is used to accept the serial 
data stream that places the 87C054 into 
various programming modes. This pattern 
consists of a 10-bit code with the LSB sent 
first. Each bit is synchronized to the clock 
input, XI. 

Programming Operation 

Figures 7 and 8 show the timing diagrams for 
the program/verify cycle. RESET should 
initially be held high for at least two machine 
cycles. P0.1 (PGM/) and PO.O (Vpp) will be at 
Vqh as a result of the RESET operation. At 
this point, these pins function as normal 
quasi-bidirectional I/O ports and the 
programming equipment may pull these lines 
low. However, prior to sending the 10-bit code 
on the RESET pin. the programming 
equipment should drive these pins high (V|h). 
The RESET pin may now be used as the 
serial data input for the data stream which 
places the 87C054 in the programming mode. 
Data bits are sampled during the clock high 
time and thus should only change during the 


time that the clock is low. Following 
transmission of the last data bit, the RESET 
pin should be held low. 

Next the address information for the location 
to be programmed is placed on port 2 and 
ASEL is used to perform the address 
multiplexing, as previously described. At this 
time, port 1 functions as an output. 

A high voltage Vpp level is then applied to the 
Vpp input (PO.O). (This sets Port 1 as an input 
port). The data to be programmed into the 
EPROM array is then placed on Port 3. This 
is followed by a series of programming pulses 
applied to the PGM/ pin (P0.1). These pulses 
are created by driving P0.1 low and then 
high. This pulse is repeated until a total of 25 
programming pulses have occurred. At the 
conclusion of the last pulse, the PGM/ signal 
should remain high. 

The Vpp signal may now be driven to the Vqh 
level, placing the 87C054 in the verify mode. 
(Port 3 is now used as an output port). After 
four machine cycles (48 clock periods), the 
contents of the addressed location in the 
EPROM array will appear on Port 3. 

The next programming cycle may now be 
initiated by placing the address information at 
the inputs of the multiplexed buffers, driving 
the Vpp pin to the Vpp voltage level, providing 
the byte to be programmed to Port 3 and 
issuing the 26 programming pulses on the 
PGM/ pin, bringing Vpp back down to the Vqh 
level and verifying the byte. (See Table 3.) 
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Erasure Characteristics 

Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 


erasure. For this and secondary effects, it 
is recommended that an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Flourless 
part number 2345-6 or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 


angstroms) to an integrated dose of at least 
ISW-s/cm^. Exposing the EPROM to an 
ultraviolet lamp of 1 2,000)iW/cm^ rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 

Erasure leaves the array in an all 1 s state. 


Table 3. Implementing Prog ram A^erify Modes 


OPERATION 

SERIAL CODE 

P0.1 (PGM/) 

PO.O (Vpp) 

Program user EPROM 

286H 

- 

Vpp 

Verify user EPROM 

286H 

V,H 

V,H 


NOTE: 

* Pulsed from V|h to V|l and returned to Vih- 

EPROM PROGRAMMING AND VERIFICATION 

Tamb = 21°c to +27°C. Vcc = 5V ±10%, Vss = ov 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

1/tcLCL 

Oscillator/clock frequency 

1.2 

6 

MHz 

tAVGL* 

Address setup to P0.1 (PROG-) low 

1 0|IS + 24tcLCL 



tQHAX 

Address hold after P0.1 (PROG-) high 

48tcLCL 



bVGL 

Data setup to PO. 1 (PROG-) low 

38tcLCL 



bVGL 

Data setup to P0.1 (PROG-) low 

38tcLCL 



tGHDX 

Data hold after PO. 1 (PROG-) high 

36tcLCL 



fSHGL 

Vpp setup to P0.1 (PROG-) iow 

10 


p.s 

iCHSL 

Vpp hold after P0.1 (PROG-) 

10 


fiS 

kSLGH 

P0.1 (PROG-) width 

90 

110 

\LS 

Wqv** 

Vpp low (Vcc) to data valid 


48tcLCL 


tGHGL 

P0.1 (PROG-) high to P0.1 (PROG-) low 

10 


JiS 

tSYNL 

PO.O (sync pulse) low 

4tcLCL 



fSYNH 

PO.O (sync pulse) high 

8tcLCL 



tWASEL 

ASEL high time 

ISfCLCL 



tMAHLD 

Address hold time 

2tcLCL 



tHASET 

Address setup to ASEL 

13tcLCL 



Udsta 

Low address to address stable 

“IStcLCL 




NOTES: 

* Address should be valid at least 24tcLCL before the rising edge of PO.O (Vpp). 

** For a pure verify mode, i.e., no program mode in between, tAvov 's 14tcLCL maximum. 
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UVQV ^ 
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Figure 8. ProgramA^erify Cycle 
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DESCRIPTION 

The Microcontroller for Television and Video 
(MTV) applications is a derivative of Philips' 
industry-standard 80C51 microcontroller that 
is intended for use as the central control 
mechanism in a television receiver or tuner. 
Providing tuner functions and an On Screen 
Display facility, it represents a 
next-generation replacement for the currently 
available parts. 

The MTV is available in either a 1 6K masked 
ROM, or a 16K One Time Programmable 
(OTP) EPROM version. 

FEATURES 

• 16384 X 8 masked ROM (83C055), or 
16384 X 8 OTP EPROM (87C055) 

• 256 X 8 RAM 

• On Screen Display (OSD) Controller 

• Three digital video outputs 

• Multiplexer/mixer and background intensity 
controls 

• Flexible formatting with OSD New Line 
Option 

• 128 X 10 display RAM 

• Designed for reduced RF! (Radio 
Frequency Interference) 


• 60 X 18 X 14 character generator ROM 

• Eight text-shadowing modes 

• Text color selectable per character 

• Background color selectable per word 

• Background color vs. video selectable per 
character 

• Eight 6-bit pulse width modulators for 
analog voltage integration 

• One 14-bit PWM for high-precision voltage 
integration 

• D/A converter and comparator with 
three-input multiplexer 

• Nine dedicated I/Os plus 28 port bits 

• 15 port bits have alternate uses 

• Four high-current open-drain port outputs 

• 1 2 high-voltage (+12V) open drain outputs 

• Programmable video input and output 
polarities 

• 80C51 instruction set 

• No external memory capability 

• 42-pin shrink Dual In-Line Package 
(0.07-inch center pins) 

• High-speed CMOS technology 

• 5V ± 10% operation 


PIN CONFIGURATION 
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PIN DESCRIPTIONS 


MNEMONIC 

PIN NO. 

DIP 

TYPE 

NAME AND FUNCTION 

VCLK1 

28 

1 

Video Clock 1 : Input for the horizontal timing reference for the On Screen Display facility. VCLK1 
and VCLK2 are intended to be used with an external LC circuit to provide an on-chip oscillator. 

The period of the video clock is determined such that the width of a pixel in the On Screen Display 
is equal to the inter-line separation of the raster. 

VCLK2 

29 

O 

Video Clock 2: Output from the on-chip video oscillator. 

HSYNC 

26 

1 

Horizontal Sync: A dedicated input for a TTL-level version of the horizontal sync pulse. The 
polarity of this pulse is programmable; its trailing edge is used by the On Screen Display facility as 
the reference for horizontal positioning. 

VSYNC 

27 

1 

Vertical Sync: A dedicated input for a TTL-level version of the vertical sync pulse. The polarity of 
this pulse is programmable, and either edge can serve as the reference for vertical timing. 

VID2;0 

22-24 

0 

Digital Video bus: Three totem pole outputs comprising digital RGB (or other color encoding) 
from the On Screen Display facility. The polarity of these outputs is controlled by a programmable 
register bit. 

VCTRL 

25 

o 

Video Control: A totem-pole output indicating whether the On Screen Display facility is currently 
presenting active video on the VID2:0 outputs. This signal should be used to control an external 
multiplexer (mixer) between normal video and the video derived from VID2;0. The polarity of this 
outputs is controlled by a programmable register bit. 

BF 

30 

o 

Background/Foreground: A totem-pole output which, when VCTRL is active, indicates whether 
the current video data represents a foreground (low) or background (high) dot in a character. This 
signal can be used to reduce the intensity of the background color and thus emphasize the text. If 
a 40-pin version of this part is ever produced, BF will not be pinned out. 

P0.O-PO.7 

1-8 

I/O 

Port 0: An 8-bit open-drain bidirectional port. Port 0 pins that have ones written to them float, and 
in that state can be used as high-impedance inputs. The port 0 pins can also serve as outputs 
from the high-precision Pulse Width Modulator (TDAC) and seven of the eight lower-precision 

Pulse Width Modulator functions. For each PWM block, a register bit controls whether the 
corresponding pin is controlled by the block or by port 0; port 0 controls the pin immediately after a 
Reset. Regardless of how each pin is controlled, it can be externally pulled up as high as 
+12V±5%, and the state of the pin can be read from the Port 0 register by the program. 


1 

1 

Vpp (PO.O) - This pin receives the 12V programming supply voltage during EPROM programming. 


2 

1 

PROG (P0.1) - This pin receives the programming pulses during EPROM programming. 


3 

1 

ASEL (P0.2) - Input which indicates which bits of the EPROM address are applied to port 2. 


1 

o 

TDAC (PO.O) - This is the output for the 14-bit high-precision PWM. 


2-8 

0 

PWM1-7 (P0.1-P0.7) - Outputs for the 6-bit PWMs 1 through 7. 

P1.0-P1.3 

9-12 

I/O 

Port 1 : A 4-bit open-drain bidirection port. Port 1 pins that have ones written to them float, and in 
that state can be used as high-impedance inputs. PI. 3 can also serve as the eighth 
lower-precision Pulse Width Modulator output (PWMO), and can be externally pulled up as high as 
+1 2V±5%. PI .2:0 have optional alternate use as AD 12:0, inputs to the Software A/D conversion 
facility. If a 40-pin version of this part is ever produced, P1.3/PWM0 will not be pinned out. 

Any of the port 1 pins are driven low if the corresponding port register bit is written as 0, or, for 

PI .3 only, if the TDAC module presents a 0. The state of the pin can always be read from the port 
register by the program. 


9-11 

1 

ADlO-2 (Pi .0-PI .2) - Inputs for the software A/D facility. 


12 

o 

PWMO (PI .3) - Output for the PWMO 6-bit PWM. 

P2.0-P2.7 

20-13 

I/O 

Port 2: An 8-bit open-drain bidirectional port. Port 2 pins that have ones written to them float, and 
in that state can be used as high-impedance inputs. P2.3;0 have high current capability (10 mA at 
0.5V) for LEDs. 

Any of the port 2 pins are driven low if the port register bit is written as 0. The state of the pin can 
always be read from the port register by the program. 

P3.0-P3.7 

34-42 

I/O 

Port 3: An 8-bit open-drain bidirectional port. Port 3 pins that have ones written to them float, and in 
that state can be used as high-impedance inputs. P3.0, P3.4, and P3.7 can be externally pulled up 
as high as +12V±5%, while P3.5 and P3.6 have 10mA drive capability. Some of the port 3 pins can 
also serve alternate functions, as follows: 


35 

1 

INTI (P3.1) - External Interrupt 1. 


36 

1 

TO (P3.2) - Timer 0 external input. 


37 

1 

INTO (P3.3) - External Interrupt 0. 
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PIN DESCRIPTIONS (Continued) 


MNEMONIC 

PIN NO. 

DIP 

TYPE 

NAME AND FUNCTION 

RST 

33 

1 

Reset: If this pin is high for two machine cycles (24 oscillator periods) while the oscillator is running, 
the MTV is reset. Also, this pin is used as a serial input to enter a test or EPROM programming mode, 
as on the 87C751. 

XTAL1 

31 

1 

Crystal 1 : Input to the inverting oscillator amplifier and clock generator circuit that provides the timing 
reference for all MTV logic other than the OSD fadlity. XTAL1 and XTAL2 can be used with a quartz 
crystal or ceramic resonator to provide an on-chip oscillator. Alternatively, XTAL1 can be conncected 
to an external clock, and XTAL2 left unconnected. 

XTAL2 

32 

O 

Crystal 2: Output from the inverting oscillator amplifier. 

Vcc 


1 

Power Supply: This is the power supply for normal and power-down modes. 

Vss 


1 

Ground: OV reference. 


ROM CODE SUBMISSION 

When submitting a ROM code for the 
83C055, the following must be specified; 

1 . The 1 6k byte user ROM program. 

2. The OSD ROM space. 

This information can be submitted in an 
87C055, or in two EPROMs (2764), or 
electronically on the ROM Code Bulletin 
Board (see your local sales office for the 
number). 


ROM CODE SUBMITTAL 
REQUIREMENTS 


ADDRESS 

CONTENT 

COMMENT 

OOOH to 
3FFFH 
(83C055) 

DATA 

User ROM data 

COOOH to 
CFFFH 

OSD 

On-Screen 

Display 

character table 


PROGRAMMING THE OSD 
EPROM 

Overview 

The OSD EPROM space starts at location 
COOOH and ends at location CFFFH. 
However, not all locations within this space 
are used, due to the addressing scheme of 
the OSD. 

The start location of the next character can 
be calculated by adding 40H to the start 
location of the previous character. For 
example, character #1 starts at COOOH; then 
characters 2, 3, and 4 start at C040H, 

C080H, and COCOH, respectively. 

Character Description 

Each character is 14 bits wide by 18 lines 
high. 

A character Is split about a vertical axis into 
two sections, UPPER and LOWER. Each 
section contains 7 bits of the character, such 
that the LOWER section contains 1-7 and 
the UPPER section contains bits 8-14. 

NOTE: During programming and verification, 
each section is programmed using 
bytes of DATA. The MSB of the 
DATA is not used; however, the MSB 
location physically exists, and so will 
program and verify. 


The LOWER section of the character is 
programmed when the LSB of the program 
address equals 0, and the UPPER section 
when the LSB equals 1 . 

Character Programming 

An example of an OSD character bit map, 
and the program DATA to obtain that 
character is shown in Table 1 . 

OSD EPROM Bit Map 

The mapping for the full OSD EPROM is 
shown in Table 2. 


Example 

To program the character given above into 
the first character location of the OSD 
EPROM would require the following 
address/DATA sequence; 


COOO/OOH 

C003/00H 

C006/0CH 

C009/1EH 

COOC/OCH 

C00F/1EH 

C012/7CH 

C015/1FH 

C018/0CH 

C01B/1EH 

C01E/0CH 

C021/00H 


C001/00H 
C004/0CH 
C007/1EH 
COOA/OCH 
C00D/1EH 
C010/7CH 
C013/1FH 
C016/0CH 
C019/1EH 
C01C/0CH 
COIF/1 EH 
C022/00H 


C0O2/00H 
C005/1EH 
C008/0CH 
COOB/1 EH 
COOE/OCH 
C011/1FH 
C014/7CH 
C017/1EH 
C01A/0CH 
C01D/1EH 
C020/00H 
C023/00H 
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Table 1 . Example of an OSD Character Bit Map 
I CHARACTER BIT MAP 


PROGRAM DATA 


11111 

43210987654321 


0011110 

0011110 

0011110 


0011111 

0011111 

0011111 

0011110 

0011110 


0001 100 
0001 100 
0001 100 
0001 100 
0001 100 
0001 100 
1111100 
1111100 
1111100 


NOTE: 

X can be 0 or 1 , and will program and verify correctly. 


Table 2. OSD EPROM Bit Map 


xooooooo 

xooooooo 

X001 1 1 1 0 
XO 0 1 1 1 1 0 
X001 1 1 1 0 
XO 0 1 1 1 1 0 
XO 0 1 1 1 1 0 
X001 1 1 1 0 
X001 1 1 1 1 
X001 1 1 1 1 
X001 1111 
X001 1110 
X001 1 1 1 0 
X001 1 1 10 
X001 1 1 1 0 
X001 1110 

xooooooo 

xooooooo 


CHARACTER LINE NO. 


xooooooo 

xooooooo 

X0001 1 00 
X0001 100 
XOOOl 100 
X0001 100 
XOOOl 1 00 
XOOOl 1 00 
XI 1 1 1 1 01 
XI 1 1 1 101 
XI 1 1 1 101 
XOOOl 1 00 
XOOOl 1 00 
XOOOl 1 00 
XOOOl 1 00 
XOOOl 100 

xooooooo 

xooooooo 


COMMENTS 


Lower byte 
Upper byte 
Lower byte 
Upper byte 



C080-C0A3 

C0A4-C0BF 


CFC0-CFE3 

CFE4-CFFF 


CFCO-CFE3 

CFE4^FFF 


CFCO-CFE3 

CFE4-CFFF 


NOTE: 

Locations 62, 63, and 64 should be programmed to O’s. 


SPLITBSPACE 
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COMPARISON TO THE 80C51 

The elements of the MTV are shown in the 
Block Diagram. The features of the MTV are 
identical to those of the 80C51 , except as 
noted herein. 

Pinout and Testing 

Since neither data nor program memory is 
externally expandable on the MTV, the 80C51 
pins ALE, EA, and PSEN are not 
implemented on the MTV. 

I/O Ports 

On both the 80C51 and the MTV, port 0 is 
open-drain, but on the 80C51 it can be used 
for external memory expansion while on the 
MTV its alternate use is for Pulse Width 
Modulated outputs. 

On the 80C51, port 1 is 8 bits, is mostly 
unallocated (general purpose), and Is 
quasi-bidirectional (that is, having a weak 
pullup transistor that can be overdriven). On 
the MTV it is a 4-bit open-drain port, and 
includes alternate uses for analog inputs and 
a PWM output. 

On the 80C51 , port 2 is quasi-bidirectional 
and can be used for external memory 
expansion; on the MTV, port 2 is open-drain 
and unallocated. 

On the 80C51 , port 3 is quasi-bidirectional 
and all eight bits have alternate uses. On the 
MTV, three port 3 bits have some of the same 
alternate uses as on the 80C51 but not 
necessarily on the same pins, while five pins 
are open-drain and unallocated. 


2. The VSYNC input used by the On Screen 
Display facility can generate an interrupt. 
The active polarity of the pulse is 
programmable, as described In a later 
section. The Interrupt occurs at the 
leading edge of the pulse. 

3. External Interrupt 1 is modified so that an 
interrupt is generated when the input 
switches in either direction (on the 8051 , 
there is a programmable choice between 
interrupt on a negative edge or a low level 
on INTI ). This facility allows for software 
pulse-width measurement handling of a 
remote control. 

4. The IP register is not used, and the IE 
register is similar to that on the 80C51 : 

IE 

7 6 5 4 3 2 1 0 

I EA I - I - I EVS I ET1 I EX1 I ETO I EX0~~| 

Six-Bit PWM DACs 

The structure of these modules is shown in 
Figure 2. First, the basic MCU dock Is 
divided by 4 to get a waveform that clocks a 
6-bit counter which Is common to all the 
PWMs, including the 14-bitone. This divided 
clock is hereafter called the PWM counter 
clock. 

Each PWM block has a special function 
register PWMn arranged as follows: 

PWM0-PWM7 

7 6 5 4 3 2 1 0 

I PWE I - I PVS I PV4 I PV3 I PV2 | PV1 | PVO | 


idle Mode 

The idle mode is not implemented on the 
MTV. 

Power-Down Mode 

The power-down mode is not implemented on 
the MTV. The PCON register has the 
following format; 

PCON 

7 6 5 4 3 2 1 0 


Interrupts 

The Interrupt facilities of the MTV differ from 
those of the 80C51 as follows; 

1 . Since there is no serial port, there are no 
interrupts nor control bits relating to this 
interrupt. The interrupts and their vector 
addresses are as follows; 


Event 

Reset 

External INTO 
Timer 0 
External INTI 
Timer 1 
VSync Start 


Program Memory 
Address 

000 

003 

00 B 
013 

01 B 
023 


If the PWE bit for a particular PWM block Is 
1 , the block is active and controls its 
assigned port pin; if PWE is 0 the 
corresponding port pin Is controlled by the 
port. The “value” field (PVS ... PVO) of each 
PWM register is compared to (the LS 6 bits 
of) the common counter. When the value 
matches, the output FF is cleared, so that the 
output pin is driven low. When the value rolls 
over to zero, the output FF is set, so that the 
output pin is released. Thus the output 
waveform has a fixed period of 64 PWM 
counter clocks; its duty cycle is determined 
by PWMn.5;0. 

Three of the nine total PWMs operate as 
described above; for three others, both the 
rising and falling edges of the output are 
delayed by one PWM clock; for the remaining 
three, both edges are delayed by two PWM 
clocks. This feature reduces the 
radio-frequency emission that would 
otherwise occur when the counter roiled over 
to zero and all nine open-drain outputs were 
released. 


14-Bit PWM DAC (TDAC) 

This feature was partially described in the 
preceding section. As shown in Figure 3, the 
6-bit counter used for the lower precision 
PWMs is in fact the least significant part of a 
14-bit counter used for this facility. The nature 
of the counter is such that it can achieve a 
stable output value through its MSB, and the 
value can propagate through logic like that 
shown In Figure 3, and the logic output can 
be stable within one period of the PWM 
counter clock (e.g., 250 ns) if edge-triggered 
logic is used to capture the logic output, or 
within one phase of the PWM counter clock 
(e g., 125 ns) if a phase of the PWM counter 
clock is used to capture the logic output. For 
cost and die-size reasons, it is preferable that 
the TDAC counter be a ripple counter. 

This feature is controlled by two special 
function registers; 


TDACL 


7 

6 

5 

4 

3 

2 

1 

0 

1tD7 I 

TDO 

1 TDI 

|tD2 

TD3 

1 TD4 

1 TD5 

|tD6 I 

TDACH 

7 

6 

5 

4 

3 

2 

1 

0 

[l?Li 

_ 

|tD13 

1 TD12 

TD11 

|tdio 

1 TD9 

1 1 


When software wishes to change the 14-bit 
value (TDO - TD13), it should first write 
TDACL and then write TDACH. Alternatively, 
if the required precision of the duty cycle is 
satisfied by 6 bits or less, software can simply 
write TDACFI. Note from Figure 3 that this 
block includes an “extra" 14-bit latch between 
TDACLyH and the comparator and other 
logic. The programmed value is clocked into 
the operative latch when the 7 low-order bits 
of the counter roll over to zero, provided that 
the software is not in the midst of loading a 
new 14-bit value (that is, it is not between 
writing TDACL and writing TDACH). 

In a similar fashion to the lower-precision 
PWMs, this facility has an output FF that is 
set when the lower 7 bits of the counter 
overflow/wrap. The more significant 7 bits of 
the operative latch's programmed value are 
compared for equality against the less 
significant 7 bits of the counter, and the 
output FF is cleared when they match. Thus 
this output has a fixed period of 1 28 PWM 
counter clocks, and the duty cycle is 
determined by the programmed value. 

For the higher-precision aspect of this 
feature, the 7 more-significant bits of the 
counter are used in a logic block with the 7 
less-significant bits of the programmed value. 
The 7th LSB (binary value 64) of the 
programmed value is ANDed with the 7th 
MSB (1 28) of the counter, the 6th LSB of the 
value is ANDed with the counter’s 6th and 7th 
MSBs being 1 0, and so on through the LSB 
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of the programmed value being ANDed with 
the counter’s 7MSBs being 100000. Then 
these 7 ANDed terms are ORed. If the result 
is true/1 at the time the 7 LSBs of the counter 
match the MSBs of the programmed value, 
the output is forced high for 1 (additional) 
PWM counter clock. 

The result is that, if the value-64 bit of the 
14-bit value is programmed to 1 , every other 
cycle of 1 28 PWM counter clocks has its duty 
cycle stretched by one counter clock; if the 
value-32 bit is programmed to 1 , every 4th 
cycle is stretched, and so on through, if the 
value-1 bit is programmed to 1 , one cycle out 
of each 1 28 is stretched. 


Assuming the external integrator can handle 
all this, the net effect is a PWM DAC that has 
the period of a 7-bit design (which makes the 
integrator easier and more feasible to design) 
with the accuracy of a 14-bit one. There is 
some question whether ail of the least 
significant bits can be effectively Integrated, 
or whether they simply act as a source of 
ripple in the integrated voltage. An obvious 
prerequisite for such precision is that the load 
on the voltage must be very light, like a single 
op amp or comparator. 

The TDAC feature differs from the 
corresponding features of predecessor parts 
In several ways: 


The 1 4-bit value is functionally composed 
of major and minor portions of 7 bits each. 

The 14-blt value is programmed as a 
contiguous multi-register value that can 
be manipulated straight-fonvardly via 
arithmetic instructions. 

As discussed for the 6-bit DACs, both of 
the preceding parts had a feature 
whereby the PWM output could be 
inverted, redundantly with complementing 
the 14-bit value. This feature has been 
eliminated. 


DATA 

MEMORY 


SPECIAL 

FUNCTION 

REGISTERS 


1 ADDRESS TYPE | 

DIRECT 

BIT 

REGISTER 

00-07 


R0-R7 

08-OF 


R0-R7 

10-17 


R0-R7 

18-1F 


R0-R7 

20 

07-00 


21-2E 

77-08 


2F 

30-7F 

7F-78 


80 

87-80 

PO 

81 


SP 

82 


DPL 

83 


DPH 

87 


PCON 

88 

8F-88 

TCON 

89 


TMOD 

8A 


TLO 

8B 


TL1 

8C 


THO 

8D 


TH1 

90 

97-90 

PI 

98 

9F-98 

OSAT 

99 


OSDT 

9A 


OSAD 

AO 

A7-A0 

P2 

A8 

AF-A8 

IE 

BO 

B7-B0 

P3 

CO 

C7-C0 

OSCON 

Cl 


OSMOD 

C2 


OSORG 

C3 


RAMCHR 

C4 


RAMATT 

DO 

D7-D0 

PSW 

D2 


TDACL 

D3 


TDACH 

D4-D7 


PWMO-3 

D8 

DF-D8 

SAD 

DC-DF 


PWM4-7 

EO 

E7-E0 

A 

FO 

F7-F0 

B 


On-chip RAM (RO-7 if PSW.4-3 = 00) 
On-chip RAM (RO-7 if PSW.4-3 = 01 ) 
On-chip RAM (RO-7 if PSW.4-3 = 10) 
On-chip RAM (RO-7 if PSW.4-3 = 11) 
On-chip RAM 
On-chip RAM 
On-diip RAM 

On-chip RAM 

Porto 

Stack Pointer 
Data Pointer LSBYTE 
Data Pointer MSBYTE 
Power Control 
Timer Control 
Timer Mode 
Timer 0 LSBYTE 
Timer 1 LSBYTE 
Timer 0 MSBYTE 
Timer 1 MSBYTE 
Port 1 

On Screen Attributes 
On Screen Data 
On Screen Address 
Port 2 

Interrupt Enable 
Ports 

On Screen Display Control 
On Screen Display Mode 
On Screen Display Origin 
For Test Use Only 
For Test Use Only 
Program Status Word 
Hi-Res Pulse Width Modulator 
Hi-Res Pulse Width Modulator 
Lo-Res Pulse Width Modulators 
D/A and Voltage Comparator 
Lo-Res Pulse Width Modulators 
Accumulator 
B Register 


ON-CHIP RAM 
IF ACCESSED 
INDIRECTLY 


Figure 1 . Data Memory and Special Function Registers on the MTV 
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Software A/D Facility 

This facility is shown in Figure 4. It represents 
an alternate use whereby any of the P1.0 
through PI. 2 pins can be selected as one 
input of a linear voltage comparator. The 
block Includes one special function register: 

SAD 


7 6 5 4 3 2 1 0 



As shown in Figure 4 the other input of the 
comparator is connected to a 4-bit D/A that is 
controlled by the 4 LSBs of the SAD register, 
producing a reference voltage nominally 
0.1 5625V to 4.84375V by steps of 0.3125V. 
The output of the comparator (high/low) can 
be read by the program as the MSB of the 
register, which is bit addressable. 

The St bit should be written as 1 in order to 
initiate a voltage comparison. After writing 
St=1, the program should include intervening 
instructions totalling at least six machine 
cycles (72 CLK periods or 6 microseconds at 


1 2MHz), before the Instruction that accesses 
and tests VHi. 

The chan field controls which pin, If any. is 
connected to this facility: 

CHI CHO pin 

0 0 none 

0 1 P1.0 

1 0 P1.1 

1 1 P1.2 

Port 1 has open-drain drivers which will not 
materially affect an analog voltage as long as 
any and all pins used for software A/D 
measurement have corresponding ones in 
the port register. 

On Screen Display (OSD) Module 

This block is the largest of the additions that 
are specific to this product. Its basic function 
is to superimpose text on the television video 
image, to indicate various parameters and 
settings of the receiver or tuner. External 
circuitry handles the mixing (multiplexing) of 
the text and the TV video. 


The overall OSD block has four input pins: 
two for a video clock, plus the horizontal and 
vertical sync signals. The video clock pins are 
used to connect an LC circuit to an on-chip 
video oscillator that is independent of the 
normal MCU clock. The L and C values are 
chosen so that a video pulse, of a duration 
equal to the VCLK period, will produce a 
more-or-Iess square dot on the screen, that 
is, a dot having a width approximately equal 
to the vertical distance between consecutive 
scan lines. 

The video oscillator is stopped (with VCLK2 
low) while horizontal sync is asserted, and is 
released to operate at the trailing edge of 
horizontal sync. This technique helps provide 
uniform horizontal positioning of 
characters/dots from one scan line to the 
next. 

The block has four outputs, three color video 
signals, and a control signal. Since this block 
is the major feature of the part, its main 
inputs and outputs are dedicated pins, 
without alternate port bits. 
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VOLTAGE 

COMPARATOR 


I/O PORT ANALOG 
I MUX 


4-Bit D/A 
I CONVERTER 


Figure 4. Software A/D Facility 
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Display RAM 

The OSD of the MTV differs from that in 
preceding devices in one major way: It does 
not fix the number and size of displayed rows 
of text. Several predecessor parts allowed 
two displayed rows of 16 characters each. 

The MTV simply has 128 locations of display 
RAM, each of which can contain a displayed 
character or a New Line character that 
indicates the end of a row. A variant of the 
New Line character Is used to Indicate the 
end of displayed data. 

The three major elements of the OSD facility 
are shown in the Block Diagram. Each 
display RAM location includes 6 data bits and 
4 attribute bits. The 6 data bits from display 
RAM, along with a line-within-row count, act 
as addresses into the character generator 
ROM, which contains 60 displayable bit maps 
(64 minus one for each of New Line and three 
Space characters). Each bit map includes 18 
scan lines by 14 dots. The character 
generator ROM is maskable or 
programmable along with the program ROM 
to allow for various character sets and 
languages. 

The programming Interface to display RAM is 
provided by three special function registers: 

OSAD 


7 6 5 4 3 2 

1 0 

|-|OSAD6|OSAD5|OSAD4|OSAD3|OSAD2|OSAD1|OSADO| 

OSDT 

7 6 5 4 3 2 

1 0 

I - I - I OSDT5| OSDT4 1 OSDT3 |oSDT2| OSDTl |c)SDTo| 

OSAT (with OSDT = New Une) 

7 6 5 4 3 2 

1 0 


E I - I SR I D I sir] 


OSAT (with OSDT = BSpace or SplitBSpace) 

7 6 5 4 3 2 1 

0 

1 - 1 - 1 - 1 B 1 - 

1 BC2 1 BCI 

1 BCO 1 

OSAT (with OSDT = any other) 

7 6 5 4 3 

2 1 

0 

1 - 1 - 1 - 1 B 1 - 

1 FC2 1 FC1 

1 1 


OSAD (“On Screen ADress”) contains the 
address at which data will next be written Into 
display RAM, while the ten active bits in 
OSDT (“On Screen DaTa”) plus OSAT (“On 
Screen ATtrlbutes”) correspond exactly to the 
10 bits In each display RAM location. FColor 
indicates the color of foreground (1 ) pixels in 
the ROM bit map for this character, while B 
indicates whether background (0) pixels 
should show the current background color 
(B=1 ) or television video (B=0). Thus, for the 
1 bits in a character’s bit map, the VID2:0 
pins are driven with (FColor) and VCTRL is 
driven active, while for 0 bits VID2:0 are 
driven with the background color (except for 
shadow bits) and VCTRL is driven with the B 
bit. 

Writing OSAT simply latches the attribute bits 
Into a register, while writing OSDT causes the 
data bus information, plus the contents of the 
OSAT register, to be written into display 
RAM. Thus, for a given display RAM location, 
OSAT should be written before OSDT. If 
successive characters are to be written into 
display RAM with the same attributes, OSAT 
need not be rewritten for each character, only 
prior to writing OSDT for the first character 
with those particular attributes. 

In reality, there is a potential conflict between 
the timing of a write to OSDT and an access 
to display RAM by the OSD logic for data 
display. This is resolved by the use of a true 
dual-ported RAM for display memory. 

OSAD is automatically Incremented by one 
after each time OSDT and display RAM are 
written. Except in special test modes that are 
beyond the scope of this spec release, 
display RAM cannot be read by the MCU 
program. 

The OSAT attribute bits associated with the 
BSpace (data=111110), SplitBSpace (111111), 
and New Line (111101) characters are 
interpreted differently from those that 
accompany other data characters. With 
BSpace and SplitBSpace, B is interpreted as 
described above, but the 3 color bits spedfy 
the Background color (BColor) for 
subsequent characters. For BSpace, a 
change in B and BColor becomes effective at 
the left edge of the character’s bit map. For 
SplitBSpace, a change in B and BColor 


occurs halfway through the character 
horizontally. The normal Space character 
(111100) has no effect on the BColor value. 

BColor values 000 and 111 minimize the 
occurrence of transient states among the 
VID2:0 outputs. 

The background color defined by the most 
recently encountered BSpace or SplitBSpace 
character is maintained on the VID2:0 pins 
except at the following times: 

1 . During the active time of HSYNC, 

2. During the active time of VSYNC, 

3. During those pixels of an active character 
that correspond to a 1 in the character's 
bit map. 

4. During a “shadow” bit. 

The BColor value is not cleared between 
vertical scans, so that if a single background 
color is all that is needed in an application, it 
can be set via a single BSpace character 
during program initialization, and never 
changed thereafter In order for such a 
BSpace to actually affect the MTV’s internal 
BColor register the Mode field of the OSMOD 
register must be set to 01 (or higher) so that 
the OSD hardware is operating. 

With a New Line character, if the E bit is 1 , no 
further rows are displayed on the screen. If E 
is 0 and D is 1 , all of the characters In the 
following row are displayed with Double 
height and width. If E is 0 and Sh is 1 , all of 
the characters in the following row are 
displayed with shadowing, as described in a 
later section. If E is 0 and SR is 1 , the next 
row is a "short row”; It is only 4 or 8 scan 
lines high rather than 18 or 36. Short rows 
can be used for underlined text. 

The latches in which the E, D, Sh, and SR 
bits are captured are cleared to zero at the 
start of each vertical scan. This means that if 
the first text line on the screen is a short row, 
or if it contains either double size or 
shadowing, the text must be preceded by a 
New Line character. Like all such characters, 
this initial New Line advances the vertical 
screen position; the VStart value (see below) 
should take this fact into account. 
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Other OSD Registers 

A number of changes in the OSD architecture 
have reduced the number of other special 
function registers involved in the feature, 
below the number needed with predecessor 
devices: 

1 . The elimination of certain options such as 
4, 6, or 8X character sizes and alternate 
use of two of the video outputs. 

2. The moving of certain other options from 
central registers to display RAM, such as 
foreground color codes and background 
selection. 

OSCON 

7 6 5 4 3 2 1 0 

I IV I Pv I Lv I Ph I Pc I Po I DH I BFe~\ 

The IV bit is the interrupt flag for the OSD 
feature. It is set by the leading edge of the 
VSYNC pulse, and is cleared by the 
hardware when the VSYNC interrupt routine 
is vectored to. It can also be set or cleared by 
software writing a 1 or 0 to this bit. 

NOTE 

It is theoretically possible that a VSYNC 
interrupt could be missed, or an extra one 
generated, if OSCON is read, then 
modified internally (e.g., in Ac), and the 
result written back to OSCON. However, 
none of the other bits in OSCON are 
reasonable candidates for dynamic 
change. Special provisions are included in 
the MTV logic so that IV will not be 
changed by a single “read-modify-write" 
instruction such as SETS or CLR, unless 
the instruction specifically changes IV. 

A 0 (1 ) in Pv designates that the VSYNC 
input is high-active (low-active). One effect of 
this bit is that the VID2:0 and VCTRL outputs 
are blocked (held at black/inactive) during the 
active time of VSYNC. The IV bit is set on the 
leading edge of the VSYNC pulse; thus Pv 
controls whether the OSD interrupt occurs in 
response to a high-to-low or low-to-high 
transition on VSYNC. 

A 0 (1 ) in Lv designates that the leading edge 
(active level) of VSYNC, as defined by Pv. 
clears the state counter that is used to 
determine the vertical start of on-screen data. 
In effect, Lv=0(1 ) says that the leading 
(trailing) edge of VSYNC is the time 
reference for the video field. 

A 0 (1 ) in Ph designates that the HSYNC 
input is high-active (low-active). 

A 0 (1 ) in Pc designates that a high (low) on 
the VCTRL output means “show the color on 
VID2:0". 


A 0 (1) in Po designates that a 0 (1) internal 
to the MTV corresponds to a low on one of 
the VID2:0 pins. This control bit is needed 
only because the Shadowing feature needs to 
generate black pixels without reference to a 
register value: Internally, the 3-bit code 000 
always designates black. 

If DH is 1 , character sizes are doubled 
vertically but not horizontally. This feature 
allows the MTV to be used in “improved 
definition” systems that are not interlaced. 

The vertical doubling imposed by DH does 
not affect the VStart logic described below: It 
operates in HSync units regardless of DH or 
D. 

If BFe is 1, the BF output tracks whether 
each bit in displayed characters is a 
foreground bit (low) or a background bit 
(high). If BFe is 0, the BF pin remains high. 

OSORG 

7 6 5 4 3 2 1 0 

I HS4 I HS3 I HS2 I HSi | HSO | VS2 | VSl | VSO | 

The HStart field (HS4 - HSO) defines the left 
end (start) of all of the on-screen character 
rows, as a multiple of four VCLKs. Active 
display begins 4(HStart)+1 VCLKs plus one 
single-sized character width after the trailing 
edge of HSYNC. Counting variations in Wc, 
there may be 17 to 143 VCLKs from the end 
of HSYNC to the start of the first character of 
each row. 

The VStart field (VS2 - VSO) defines the top 
(start) of the first on-screen character row, as 
a multiple of four HSYNC pulses. Active 
display begins 4(VStart)-1 HSYNCs after the 
field’s time reference point, a range of 3 to 
31 . Subsequent character rows occur directly 
below the first, such that the last scan line of 
one row is directly followed by the first scan 
line of the next row. Successive New Line 
characters (with or without the Short Row 
designation) can be used to vertically 
separate text rows on the screen. 

Neither the HStart nor VStart parameter is 
affected by the D line attribute that is used to 
display double-sized characters. 

OSMOD 

7 6 5 4 3 2 10 

I Wc I - I Model I ModeO | - | SHM2 | SHMl | SHM^ 

If the mode bits (Mode 1 , Mode 0) are 00, the 
OSD feature is disabled. The VCLK oscillator 
Is disabled, VID2:0 are set to black, and 


VCTRL is held inactive.This Is the mode to 
which the MTV OSD logic is reset. A direct 
transition from this mode to active display 
(lx) would result in undefined operation and 
visual effects for the duration of the current 
video field (until the next VSYNC). 

If the mode is 01 , the VCLK oscillator is 
enabled and the OSD logic operates normally 
internally, but VID2:0 are set to black and 
VCTRL is held Inactive. The OSD feature can 
be toggled between this state and lx as 
desired to achieve real-time special effects 
such as “vertical wiping." 

Mode 10 represents normal OSD operation. 
Active characters can be shown against TV 
video (for characters with B=0) or (for 
characters with B=1) against a background of 
the color defined as an attribute of BSpace 
and SplitBSpace characters. 

In mode 11, characters can be displayed but 
all of the receiver’s normal video is inhibited 
by holding VCTRL asserted throughout the 
active portion of each scan line. Since V1D2:0 
are driven with the current background color 
during this time, except during the foreground 
portion of displayed characters, this produces 
text against a solid background. This mode is 
useful for extensive displays that require user 
concentration. 

If Wc is 1 , then each displayed character is 
horizontally terminated after 1 2 bits have 
been output, as opposed to after 14 bits if Wc 
is 0. This allows text to be "packed” more 
tightly so that more characters can be 
displayed per line. In effect, the 2 bits out of 
the display ROM, which would otherwise be 
the rightmost 2 of the 1 4, are ignored when 
Wc is 1 . Clearly, If this feature is to be used, it 
must be accounted for in the design of the bit 
maps in the display ROM. 

The 3-bit ShMode field (SHM2 - SHMO) 
determines how characters are shadowed in 
rows for which the SH row attribute is 1 . As 
shown in Figure 5, the values 000-110 
indicate an apparent light source position 
ranging from the lower left clockwise to the 
lower right, while the value 111 indicates 
full-surround shadowing. 

Under some conditions writing to OSMOD 
while the display is active can cause a 
temporary flicker during that display field. 

This can be avoided by only writing to 
OSMOD during the vertical sync interval. 
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Figure 5. Effect of Shadowing on the Letter “E” 
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DC ELECTRICAL CHARACTERISTICS 

Vcc = 5V ±1 0%, Tarnb = 0°C to +70°C 




TEST 

LIMITS 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

MAX 

UNIT 

NOTES 

V|L 

Input low voltage 


-0.5 

0.2Vcc-O.1 

V 


V|L1 

Input low voltage (VSYNC, HSYNC) 


-0.5 

0.15 X Vcc 

V 


Ezom 

Input high voltage (PI. 2:0, P2.7:0, P3.6:5, P3.3:1) 




V 

■■ 

Qyillim 

Input high voltage (portO, PI. 3. P3.7, P3.4, P3.0) 


0.2Vcc+0.9 

12.6 

Di 


V|H3 

Input high voltage (VSYNC, HSYNC) 


0.67 X Vcc 

Vcc + 0.5V 

mm 


< 

X 

< 

B 

Input high voltage (port 0, PI .3, P3.7, P3.4, P3.0) with 
respect to Vcc 



8 


■ 

VlH 

Input high voltage (XTAL1 , VCLK1 , RST) 


O.TVcc 

Vcc+0.5 

V 


Vqli 

Output low voltage (P2.7;0, P3.6:5) 

Iql == 10mA 


0.5 

V 


VoL2 

Output low voltage (TDAC, PWM0;7) 

Iql = 700pA 


0.5 

V 


V0L3 

Output low voltage (all other outputs) 

Iql = 1 .6mA 


0.45 

V 


VOH 

Output high voltage (port 1, VID2;0, VCTRL, BF) 

Iqh = -60|iA 

2.4 


V 


Rrst 

Reset pulldown resistor 


50 

300 

kQ 


C|0 

Pin capacitance (except PO.O and P0.7) 

Test freq = 1 MHz, 

Tamb = 25°C 


10 

pF 

4 

•cc 

Normal mode supply current 

Vcc = 5.5V 


30 

mA 

3 

HYS 

Hysteresis (VSYNC, HSYNC) 


0.8 


V 



NOTES: 


1 . This maximum applies at all times, including during power switching, and must be accounted for in power supply design. During a power-on 
process, the +12 volt source used for external pullup resistors should not precede the Vcc of fh© MTV up their respective voltage ramps by 
more than this margin, nor, during a power-down process, should Vcc precede +12V down their respective voltage ramps by more than this 
margin. 

2. The specified current rating applies when any of these pins is used as a Pulse Width modulated output. For use as a port output, the rating is 
as given subsequently. 

3. Ice measured with OSD block initialized and Reset remaining low. 

4. The capacitance of pins PO.O and P0.7 for the 87C055 exceeds lOpF. PO.O is 40pF maximum, while P0.7 is 20pF maximum. 

5. No more than 6 (any 6) of these 10 high current outputs may be used at the Vqli (Iql = 10mA) specification. The other 4 should comply with 
fh© VoL 3 specification (Iql = 1-6mA). 
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AC ELECTRICAL CHARACTERISTICS 

Vcc = 5V ±10%. Tamb = 0°C to +70°C 


SYMBOL 

PARAMETER 

TENTATIVE LIMITS 

UNIT 

NOTES 

MIN 

MAX 

1/tCLCL 

XTAL Frequency 

6 

12 

MHz 

1 

tCHCX 

XTAL1 Clock high time 

20 


ns 

2 

fCLCX 

XTAL1 Clock low time 

20 


ns 

2 

tCLCH 

XTAL1 Clock rise time 


20 

ns 

2 

fCLCL 

XTAL1 Clock fall time 

5 

20 

ns 

2 

I/VCLCL 

VCLK Frequency 

5 

8 

MHz 


ItvCOH-tvCOL 1 

Rise vs. fall time skew on any one of VID2:0, VCTRL, BF 


40 

ns 

3 

I^VCOH1-fvCOH2 1 

Rise time skew between any two of VID2:0, VCTRL, BF 


30 

ns 

3 

|tvCOL1-tvCOL2 1 

Fall time skew between any two of VID2;0, VCTRL. BF 


30 

ns 

3 


NOTES: 

1 . The MTV is tested at its maximum XTAL frequency, but not at any other (lower) rate. 

2. These parameters apply only when an external clock signal Is used. 

3. These parameters assume equal loading at Cl = lOOpF, for all the referenced outputs. These parameters are specified but not tested. 


PROGRAMMING 

CONSIDERATIONS 

EPROM Characteristics 

The 87C055 is programmed by using a 
modified Quick-Pulse Programming algorithm 
similar to that used for devices such as the 
87C51 . It differs from these devices in that a 
serial data stream is used to place the 
87C751 in the programming mode. 

Figure 6 shows a block diagram of the 
programming configuration for the 87C055. 
Port pin PO.O is used as the programming 
voltage supply input (Vpp signal). Port pin 
P0.1 is used as the program (PGM/) signal. 
This pin is used for the 25 programming 
pulses. 

Port 2 is used as the address input for the 
byte to be programmed and accepts both the 
high and low components of the eleven bit 
address. Multiplexing of these address 
components is performed using the ASEL 
input. The user should drive the ASEL input 
high and then drive port 2 with the high order 
bits of the address. ASEL should remain high 
for at least 13 clock cycles. ASEL may then 
be driven low which latches the high order 
bits of the address internally. The high 
address should remain on port 2 for at least 
two clock cycles after ASEL is driven low. 

Port 2 may then be driven with the low byte of 
the address. The low address will be 
internally stable 13 clock cycles later. The 
address will remain stable provided that the 
low byte placed on port 2 is held stable and 
ASEL is kept low. Note: ASEL needs to be 


pulsed high only to change the high byte of 
the address. 

Port 3 is used as a bidirectional data bus 
during programming and verify operations. 
During programming mode, it accepts the 
byte to be programmed. During verify mode, 
it provides the contents of the EPROM 
location specified by the address which has 
been supplied to Port 2. 

The XTAL1 pin is the oscillator input and 
receives the master system clock. This clock 
should be between 1.2 and 6MHz. 

The RESET pin is used to accept the serial 
data stream that places the 87C055 into 
various programming modes. This pattern 
consists of a 10-bit code with the LSB sent 
first. Each bit is synchronized to the clock 
input, XI. 

Programming Operation 

Figures 7 and 8 show the timing diagrams for 
the program/verify cycle. RESET should 
initially be held high for at least two machine 
cycles. P0.1 (PGM/) and PO.O (Vpp) will be at 
Vqh as a result of the RESET operation. At 
this point, these pins function as normal 
quasi-bidirectional I/O ports and the 
programming equipment may pull these lines 
low. However, prior to sending the 10-bit code 
on the RESET pin, the programming 
equipment should drive these pins high (V|h). 
The RESET pin may now be used as the 
serial data input for the data stream which 
places the 87C055 in the programming mode. 
Data bits are sampled during the clock high 
time and thus should only change during the 


time that the clock is low. Following 
transmission of the last data bit, the RESET 
pin should be held low. 

Next the address information for the location 
to be programmed is placed on port 2 and 
ASEL is used to perform the address 
multiplexing, as previously described. At this 
time, port 1 functions as an output. 

A high voltage Vpp level is then applied to the 
Vpp input (PO.O). (This sets Port 1 as an Input 
port). The data to be programmed into the 
EPROM array is then placed on Port 3. This 
is followed by a series of programming pulses 
applied to the PGM/ pin (P0.1 ). These pulses 
are created by driving P0.1 low and then 
high. This pulse is repeated until a total of 25 
programming pulses have occurred. At the 
conclusion of the last pulse, the PGM/ signal 
should remain high. 

The Vpp signal may now be driven to the Vqh 
level, placing the 87C055 in the verify mode. 
(Port 3 is now used as an output port). After 
four machine cycles (48 clock periods), the 
contents of the addressed location in the 
EPROM array will appear on Port 3. 

The next programming cycle may now be 
initiated by placing the address information at 
the inputs of the multiplexed buffers, driving 
the Vpp pin to the Vpp voltage level, providing 
the byte to be programmed to Port 3 and 
issuing the 26 programming pulses on the 
PGM/ pin, bringing Vpp back down to the Vqh 
level and verifying the byte. (See Table 3.) 
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Erasure Characteristics 

Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, it 
is recommended that an opaque label be 


placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Flourless 
part number 2345-5 or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-s/cm2 Exposing the EPROM to an 
ultraviolet lamp of 1 2,CX)0pW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 


Erasure leaves the array in an all 1 s state. 

Reading Signature Bites 

The signature bytes are read by the same 
procedure as a normal verify of locations 30H 
and 31 H, except that the serial code 
indicated in Table 3 for reading signature 
bytes should be used. The values are; 

30H = 15H indicates manufactured by 
Philips 

31 H = 4BH indicates 87C055 


Table 3. Implementing ProgramA^erify Modes 


OPERATION 

SERIAL CODE 

P0.1 (PGM/) 

P0.0(Vpp) 

Program user EPROM 

286H 

_* 

Vpp 

Verify user EPROM 

286H 

V,H 

V,H 

Read Signature Bytes 

280H 

V,H 

V,H 


NOTE: 

* Pulsed from Vih to Vil and returned to V|h. 

EPROM PROGRAMMING AND VERIFICATION 

Tamb = 21 °C to +27°C, Vcc = 5V ±10%, Vss = ov 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

l^fcLCL 

Oscillator/clock frequency 

1.2 

6 

MHz 

UVGL* 

Address setup to P0.1 (PROG-) low 

lOpS + 24tcLCL 



tGHAX 

Address hold after P0.1 (PROG-) high 

48tcLCL 



toVGL 

Data setup to P0.1 (PROG-) low 

38tcLCL 



fOVGL 

Data setup to P0.1 (PROG-) low 

38tcLCL 



fGHDX 

Data hold after P0.1 (PROG-) high 

36tcLCL 



tSHGL 

Vpp setup to P0.1 (PROG-) low 

10 


ps 

Ighsl 

Vpp hold after P0.1 (PROG-) 

10 


Fs 

tGLGH 

P0.1 (PROG-) width 

90 

110 

ps 

fAVQV“ 

Vpp low (Vcc) to data valid 


48tcLCL 


Ighgl 

P0.1 (PROG-) high to P0.1 (PROG-) low 

10 


ps 

tSYNL 

PO.O (sync pulse) low 

4tcLCL 



tSYNH 

PO.O (sync pulse) high 

StcLCL 



tWASEL 

ASEL high time 

■•3tcLCL 



fWAHLD 

Address hold time 

21clcl 



tHASET 

Address setup to ASEL 

■•3tcLCL 



fADSTA 

Low address to address stable 

‘l3tcLCL 




NOTES: 

* Address should be valid at least 24tcLCL before the rising edge of PO.O (Vpp). 
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(MTV) 


83C055/87C055 




PO.O(Vpp) 5V 




H h' 


juTi; 

H H 


tQLGH p ^ P“ tGHGL 

98ps MIN lOps MIN 


INVAUD DATA 

VERIFY MODE ' 


*ADSTA r~*l ***''°^ <GHDX j' 'j' tAVQV 

VAUD DATA V DATA TO BE PROGRAMMED V INVAUD DATA V VAUD DATA 


Figure 8. Program/Verify Cycle 
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80C51 Family Derivatives 


8XC451 OVERVIEW 

The 80C451, the 83C451, and the 87C451 
(hereafter referred to collectively as the 
8XC451 ) are I/O expanded versions of the 
80C51. Three I/O ports have been added to 
the basic 80C51 architecture for a total of 7 
on-chip I/O ports. The LCC version has a 
total of 68 pins. The DIP version has 64 pins. 
Port 6 has 4 control lines to facilitate 
high-speed asynchronous I/O functions. 

The 83C451/87C451 includes a 4k x 8 
ROM/EPROM, a 128 X 8 RAM. 56 (LCC) or 
52 (DIP) I/O lines, two 16-bit timer/counters, 
a five source, two priority, level nested 
Interrupt structure, a serial I/O port for either 
full duplex UART, I/O expansion, or 
multiprocessor communications, and an 
on-chip oscillator and clock circuits. The 
80C451 includes all of the 83C451 features 
except the on-board 4k x 8 ROM. 

The 8XC451 has two software selectable 
modes of reduced activity for further power 
reduction: idle mode and power-down mode. 
Idle mode freezes the CPU while allowing the 
RAM, timers, serial port, and interrupt system 
to continue functioning. Power-down mode 
freezes the oscillator, causing all other chip 
functions to be inoperative while maintaining 
the RAM contents. 

The 8XC451 features include: 

• 80C51 based architecture 

• 68-pin LCC and 64-pln DIP packages 

• Seven 8-bit I/O ports (LCC version) 

• Six 8-bit ports and one 4-bit port (DIP 
version) 

• 4k X 8 ROM or EPROM 

• 128x8 RAM 

• Two 16-bit counter/timers 

• Two external interrupts 

• External memory addressing capability 

- 64k ROM and 64k RAM 

• Low power consumption 

- Idle mode 

- Power-down mode 


Differences From the 80C51 

Special Function Registers 

The SFRs are identical to those of the 
standard 80C51 with the exception of four 
registers that have been added to allow 
control of the three additional I/O ports P4, 

P5, and P6. The additional registers are P4. 
P5, P6. and CSR. Registers P4. P5, and P6 
function as port latches for ports 4, 5, and 6, 
respectively. These registers operate 
identically to those for ports 0 through 3 of 
the 80C51. 

The Control Status Register (CSR) is used to 
control the mode of operation of port 6 and 
indicates the current status of port 6. All 
control status register bits can be read and 
written by the CPU except bits 0 and 1 , which 
are read only. A Reset writes ones to bits 2-7 
and zeros to bits 0 and 1 . See Table 1 for the 
specific function of each bit in the Control 
Status register. 

I/O Port Structure 

The 8XC451 has a total of seven parallel I/O 
ports. The first four ports, PO through P3, are 
identical in function to those present on the 
80C51 family. The added ports 4 and 5 are 
identical in function to port 1 ; that is, they are 
standard quasi-bidirectionai ports with no 
alternate functions and the standard output 
drive characteristics. Note that on the 68-pin 
LCC packages, port 4 is an 8-bit port, while 
on the 64-pin DIP packages, only the lower 
four bits of port 4 are available. Port 6 is a 
specialized 8-bit bidirectional I/O port with 
internal pullups. This special port can 
sink/source three LS TTL inputs and drive 
CMOS inputs without external pullups. The 
flexibility of this port facilitates high-speed 
parallel data communications. Port 6 
operating modes are controlled by the port 6 
Control Status Register (CSR). Port 6 and the 
CSR are addressed at the Special Function 
Addresses shown in Table 2. Port 6 can be 
used as a standard I/O port, or in strobed 
modes of operation in conjunction with the 
four port 6 control lines listed below: 

ODS Output data strobe (active low) 
IDS Input data strobe (active low) 

BFLAG Bidirectional I/O pin. Can be 

programmed to output the Input 
Buffer Full flag (IBF), input an 
active low Port Enable (PE) 
signal, or output a high or low 
logic level. 

AFLAG Bidirectional I/O pin. Can be 

programmed to output the Output 


8XC451 overview 


Buffer Full (OBF) flag, input a 
register select signal (SEL). or 
output a high or low logic level. 
Port 6 can be used in a number of different 
ways to facilitate data communication. It can 
be used as a processor bus interface, as a 
standard quasi-bldirectional I/O port, or as a 
parallel printer port (either polled or interrupt 
driven). 

Processor Bus Interface 
Port 6 allows the use of an 8XC451 as an 
element on a microprocessor type bus. The 
host processor could be a general purpose 
MPU or the data bus of a microcontroller like 
the 8XC451 itself. Setting up the 8XC451 as 
a processor bus interface allows single or 
multiple microcontrollers to be used on a bus 
as flexible peripheral processing elements. 
Applications can include: keyboard scanners, 
serial I/O controllers, servo controllers, etc. 

On reset, port 6 is programmed correctly (that 
is. Special Function registers CSR and P6) 
for use as a bus interface. This prevents the 
interface from disrupting data on the bus of a 
host processor during power-up. 

Standard Quasi-bidirectionai I/O Port 

To use ports as a common I/O port, all of the 
control pins should be tied to ground. On 
hardware reset, bits 2-7 of the CSR are set to 
one. With the control pins grounded, the 
port's operation and electrical characteristics 
will be identical to port 1 on the 80C51 . No 
further software initialization is required. 

Parallel Printer Port 

The 8XC451 has the capacity to permit all of 
the intelligent features of a common printer to 
be handled by a single chip. The features of 
port 6 allow a parallel port to be designed 
with only line driving and receiving chips 
required as additional hardware. The onboard 
UART allows RS232 interfacing with only 
level shifting chips added. The 8-bit parallel 
ports 0 to 6 are ample to drive onboard 
control functions, even when ports are used 
for external memory access, interrupts, and 
other functions. The RAM addressing ability 
of ports 0 to 2 can be used to address up to 
64k bytes of a hardware buffer/spooler. 

In addition, either end of a parallel interface 
can be implemented using port 6, and the 
interfaces can be interrupt driven or polled in 
either case. For more detailed information on 
port 6 usage, refer to the application notes 
contained in Section 4, entitled “800451 
Operation of Port 6” and “256k Centronics 
Printer Buffer Using the SC87C451 
Microcontroller.” 
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Table 1 . Control Status Register (CSR) 


BIT 7 

BIT 6 

BITS 

BIT 4 

BIT 3 

BIT 2 

BIT1 

BITO 

MB1 

MBO 

MA1 

MAO 

OBFC 

IDSM 

OBF 

IBF 

BFLAG Mode Select 

AFLAG Mode Select 

Output Buffer 
Flag Clear 
Mode 

input Data 
Strobe Mode 

Output Buffer 
Full Flag 

Input Buffer 

Full Flag 

0/0 = Logic 0 output* 

0/0 = Logic 0 output 

0 = Negative 

0 = Positive 

0 = Output 

0 = Input 

0/1 = Logic 1 output* 

0/1 = Logic 1 output 

edge of ODS 

edge of TDS 

data buffer 

data buffer 

1/0 = IBF output 

1/0 = OBF output* 



empty 

empty 

1/1 = PE input 


1/1 =SEL input 

1 = Positive 

1 = Low level 

1 = Output 

1 = Input 

(0 = Select) 


(0 = Data) 

edge of ODS 

ofTOS 

data buffer 

data buffer 

(1 = Disable I/O) 

(1 = Control/status) 



full 

full 


NOTE: 


* Output-always mode: MB1 = 0, MAI = 1 , AND MAO = 0. In this mode, port 6 is always enabled for output. ODS only clears the OBF flag. 


Table 2. Special Function Register Addresses 


REGISTER ADDRESS 

BIT ADDRESS 

NAME 

SYMBOL 

ADDRESS 

MSB LSB 

Port 4 

P4 

CO 

C7 

C6 


C4 

C3 


Cl 

CO 

Port 5 

P5 

C8 

CF 

CE 

CD 

CC 

CB 

CA 

C9 

C8 

Port 6 data 

P6 

D8 

DF 

DE 

DD 

DC 

DB 

DA 

D9 

D8 

Port 6 control status 

CSR 

E8 

EF 

EE 

ED 

EC 

EB 

EA 

E9 

E8 
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Table 3. 8X451 Special Function Registers 


SYMBOL 

DESCRIPTION 

DIRECT 

ADDRESS 

MSB 

BIT NAMES AND ADDRESSES 


LSB 

RESET 

VALUE 

ACC* 

Accumulator 

EOH 

E7 

E6 

E5 

E4 

E3 

E2 

El 

EO 

OOH 

B* 

B register 

FOH 

F7 

F6 

F5 

F4 

F3 

F2 

FI 

FO 

OOH 




EF 

EE 

ED 

EC 

EB 

EA 

E9 

E8 


CSR*# 

Port 6 command/status 

E8H 

MB1 

MBO 

MAI 

MAO 

OBFC 

IDSM 

OBF 

IBF 

FCH 

DPTR 

Data pointer (2 bytes) 











DPH 

Data pointer high 

83H 









OOH 

DPL 

Data pointer low 

82H 









OOH 




BF 

BE 

BD 

BC 

BB 

BA 

B9 

B8 


IP* 

Interrupt priority 

B8H 

_ 

- 

- 

PS 

PT1 

PX1 

PTO 

PXO 

xxxOOOOOB 




AF 

AE 

AD 

AC 

AB 

AA 

A9 

A8 


IE* 

Interrupt enable 

ASH 

EA 

- 

- 

ES 

ET1 

EX1 

ETO 

EXO 

OxxOOOOOB 

PO* 

Porto 

80H 

87 

B6 

85 

84 

83 

82 

81 

80 

FFH 

PI* 

Porti 

90H 

97 

96 

95 

94 

93 

92 

91 

90 

FFH 

P2* 

Port 2 

AOH 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 

FFH 

P3* 

Ports 

BOH 

B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 

FFH 

P4*# 

Port 4 

COH 

C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 

FFH 

P5*# 

Ports 

C8H 

CF 

CE 

CD 

CC 

CB 

CA 

C9 

C8 

FFH 

P6*# 

Port 6 

D8H 

DF 

DE 

DD 

DC 

DB 

DA 

D9 

D8 

FFH 

PCON 

Power control 

87H 

SMOD 

- 

- 

- 

GF1 

GFO 

PD 

IDL 

OxxxOOOOB 




D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 


PSW* 

Program status word 

DOH 

CY 

AC 

FO 

RSI 

RSO 

OV 

- 

P 

OOH 

SBUF 

Serial data buffer 

99H 









xxxxxxxxB 




9F 

9E 

9D 

9C 

9B 

9A 

99 

98 


SCON* 

Serial port control 

98H 

SMO 

SMI 

SM2 

REN 

TB8 

RB8 

Tl 

Rl 

OOH 

SP 

Stack pointer 

81H 









07H 




8F 

8E 

8D 

8C 

8B 

8A 

89 

88 


ICON* 

Timer/counter control 

88H 

TF1 

TR1 

TFO 

TRO 

IE1 

IT1 

lEO 

ITO 

OOH 






TMOD 

Timer/counter mode 

89H 

GATE 

C/T 

Ml 

MO 

GATE 

c/r 

Ml 

MO 

OOH 

THO 

Timer 0 high byte 

8CH 









OOH 

TH1 

Timer 1 high byte 

8DH 









OOH 

TLO 

Timer 0 low byte 

8AH 









OOH 

TL1 

Timer 1 low byte 

8BH 









I OOH 


* SFRs are bit addressable. 

# SFRs are modified from or added to the 80C51 SFRs. 
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DESCRIPTION 

The Philips 8XC451 is an I/O expanded 
single-chip microcontroller fabricated with 
Philips high-density CMOS technology. 

Philips epitaxial substrate minimizes latch-up 
sensitivity. 

The 8XC451 is a functional extension of the 
87C51 microcontroller with three additional 
I/O ports and four I/O control lines. The LCC 
version has a total of 68 pins. Four control 
lines associated with port 6 facilitate 
high-speed asynchronous I/O functions. 

The 8XC451 includes a 4k x 8 ROM 
(83C451) EPROM (87C451), a 128 x 8 RAM, 
56 (LCC) or 52 (DIP) I/O lines, two 16-bit 
timer/counters, a five source, two priority 
level, nested interrupt structure, a serial I/O 
port for either a full duplex UART, I/O 
expansion, or muti-processor 
communications, and on-chip oscillator and 
clock circuits. The 80C451 includes all of the 
83C451 features except the on-board 4k x 8 
ROM. 

The 87C451 has 4k of EPROM on-chip as 
program memory and is otherwise identical to 
the 83C451. 

The 8XC451 has two software selectable 
modes of reduced activity for further power 
reduction; idle mode and power-down mode. 
Idle mode freezes the CPU while allowing the 
RAM, timers, serial port, and interrupt system 
to continue functioning. Power-down mode 
freezes the oscillator, causing all other chip 
functions to be inoperative while maintaining 
the RAM contents. 


FEATURES 

• 80C51 based architecture 

• 68-pin LCC and 64-pin DIP packages; 

- Seven 8-bit I/O ports (LCC version) 

- Six 8-bit ports and one 4-bit port (DIP 
version) 

• Porte features: 

- Eight data pins 

- Four control pins 

- Direct MPU bus interface 

- Parallel printer interface 

• On the microcontroller; 

- 4k X 8 ROM (83C451) 

4k X 8 EPROM (87C451) 

ROMIess version (80C451 ) 

- 128x8 RAM 

- Two 16-bit counter/timers 

- Two external interrupts 

• External memory addressing capability 

- 64k ROM and 64k RAM 

• Low power consumption: 

- Normal operation; less than 24mA at 5V, 
12MHz 

- Idle mode 

- Power-down mode 
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Philips Semiconductors Microcontroller Products 


Product specification 


CMOS single-chip 8-bit microcontroller 80C451/83C451/87C451 


PIN DESCRIPTION 



PIN NO. 



MNEMONIC 

DIP 

LCC 

TYPE 

NAME AND FUNCTION 

Vss 

50 

54 

1 

Ground: OV reference. 

Vcc 

18 

18 

1 

Power Supply: This Is the power supply voltage for normal, idle, and power-down operation. 

PO.0-0.7 

17-10 

17-10 

I/O 

Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 is also the multiplexed data and low-order 
address bus during accesses to external memory. External pull-ups are required during program 
verification. Port 0 can sink/source eight LS TTL inputs. 

P1.0-P1.7 

23-30 

27-34 

I/O 

Port 1 : Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. Port 1 receives the low-order 
address bytes during program memory verification. Port 1 can sink/source three LS TTL inputs, and 
drive CMOS inputs without external pull-ups. 

P2.0-P2.7 

2-9 

2-9 

I/O 

Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 emits the high-order 
address bytes during access to external memory and receives the high-order address bits and control 
signals during program verification. Port 2 can sink/source three LS TTL inputs, and drive CMOS 
inputs without external pull-ups. 

P3.0~P3.7 

32-39 

36-43 

I/O 

Port 3: Port 3 is an 8-bit bidirectional I/O port with Internal pull-ups. Port 3 can sink/source three LS 

TTL inputs, and drive CMOS Inputs without external pull-ups. Port 3 also serves the special functions 
listed below: 


32 

36 

1 

RxD (P3.0): Serial input port 


33 

37 

o 

TxD (P3.1): Serial output port 


34 

38 

1 

INTO (P3.2): External Interrupt 


35 

39 

1 

!Nti (P3.3): External interrupt 


36 

40 

1 

TO (P3.4): Timer 0 external input 


37 

41 

1 

T1 (P3.5): Timer 1 external input 


38 

42 

o 

WR (P3.6): External data memory write strobe 


39 

43 

o 

TfU (P3.7): External data memory read strobe 

P4.0-P4.3 

22-19 


I/O 

Port 4; Port 4 Is a 4/8-bit (DIP/LCC) bidirectional I/O port with internal pull-ups. Port 4 can sink/source 

P4.0-P4.7 


26-19 

I/O 

three LS TTL inputs and drive CMOS inputs without external pull-ups. 

P5.0-P5.7 

40-47 

44-51 

I/O 

Port 5: Port 5 Is a 4/8-bit (DIP/LCC) bidirectional I/O port with internal pull-ups. Port 5 can sink/source 
three LS TTL inputs and drive CMOS inputs without external pull-ups. 

P6.0-P6.7 

55-62 

59-66 

I/O 

Port 6: Port 6 is a specialized 8-bit bidirectional I/O port with internal pull-ups. This special port can 
sink/source three LS TTL inputs and drive CMOS inputs without external pull-ups. Port 6 can be used 
in a strobed or non-strobed mode of operation. Port 6 works in conjunction with four control pins that 
serve the functions listed below: 

OD5 

51 

55 

1 

ODS: Output data strobe 

IDS 

52 

56 

1 

IDS: Input data strobe 

BFLAG 

53 

57 

I/O 

BFLAG: Bidirectional I/O pin with internal pull-ups 

AFLAG 

54 

58 

I/O 

AFLAG: Bidirectional I/O pin with internal pull-ups 

RST 

31 

35 

1 

Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. An 
internal pull-down resistor permits a power-on reset using only an external capacitor connected to Vcc- 

ALE/PHDG 

64 

68 

I/O 

Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the address during 
an access to external memory. ALE is activate at a constant rate of 1/6 the oscillator frequency 
except during an external data memory access, at which time one ALE is skipped. ALE can 
sink/source three LS TTL inputs and drive CMOS inputs without external pull-ups. This pin is also the 
program pulse during EPROM programming. 

PSEFT 

63 

67 

O 

Program Store Enable: The read strobe to external program memory. PSeN is activated twice each 
machine cycle during fetches from external program memory. However, when executing out of external 
program memory, two activations of PSEN are skipped during each access to external program 
memory. PSen is not activated during fetches from internal program memory. pSEn can sink/source 
eight LS TTL inputs and drive CMOS inputs without an external pull-up. This pin should be tied low 
during programming. 

EAA/pp 

1 

i 

1 

1 

1 

Instruction Execution Control/Programming Supply Voltage: When EA is held high, the CPU 
executes out of internal program memory, unless the program counter exceeds OFFFH. When EA is 
held low, the CPU executes out of external program memory. EA must never be allowed to float. This 
pin also receives the 12.75V programming supply voltage (Vpp) during EPROM programming. 

XTAL1 

49 

53 

1 

Crystal 1 : Input to the inverting osdilator amplifier that forms the oscillator. This input receives the 
external oscillator when an external oscillator is used. 

XTAL2 

1 

48 

52 

O 

Crystal 2: An output of the inverting amplifier that forms the oscillator. This pin should be floated when 
an external oscillator is used. 
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PORTS 4 AND 5 

Ports 4 and 5 are bidirectional I/O ports with 
internal pull-ups. Port 4 is an 8-bit port (LCC 
version) or a 4-bit port (DIP version). Port 4 
and port 5 pins with ones written to them, are 
pulled high by the internal pull-ups, and in 
that state can be used as inputs. Port 4 and 5 
are addressed at the special function register 
addresses shown in Table 1 . 

PORT 6 

Port 6 is a special 8-bit bidirectional I/O port 
with internal pull-ups (see Figure 1). This port 
can be used as a standard I/O port, or in 
strobed modes of operation in conjunction 
with four special control lines: ODS, IDS, 
AFLAG, and BFLAG. Port 6 operating modes 
are controlled by the port 6 control status 
register (CSR). Port 6 and the CSR are 
addressed at the special function register 
addresses shown in Table 1. The following 
four control pins are used in conjunction with 
port 6: 

ODS - Output data strobe for port 6. ODS 
can be programmed to control the port 6 
output drivers and the output buffer full flag 
(OBF), or to clear only the OBF flag bit in the 
CSR (output-always mode). ODS is active 
low for output driver control, the OBF flag can 
be programmed to be cleared on the negative 
or positive edge of ODS. 

IDS - Input data strobe for port 6. IDS is used 
to control the port 6 input latch and input 
buffer full flag (IBF) bit in the CSR. The input 
data latch can be programmed to be 
transparent when IDS is low and latched on 
the positive transition of TDS, or to latch only 
on the positive transition of IDS. 
Correspondingly, the IBF flag is set on the 
negative or positive transition of IDS. 

AFLAG - AFLAG is a bidirectional I/O pin 
which can be programmed to be an output 
set high or low under program control, or to 
output the state of the output buffer full flag. 
AFLAG can also be programmed to be an 
input which selects whether the contents of 


the output buffer, or the contents of the port 6 
control status register will output on port 6. 
This feature grants complete port 6 status to 
external devices. 

BFLAG - BFLAG is a bidirectional I/O pin 
which can be programmed to be an output, 
set high or low under program control, or to 
output the state of the input buffer full flag. 
BFLAG can also be programmed to input an 
enable signal for port 6. When BFLAG is 
used as an enable input, port 6 output drivers 
are in the high-impedance state, and the 
input latch does not respond to the IDS 
strobe when BFLAG is high. Both features 
are enabled when BFLAG is low. This feature 
facilitates the use of the SC8XC451 in bused 
multiprocessor systems. 

CONTROL STATUS REGISTER 

The control status register (CSR) establishes 
the mode of operation for port 6 and indicates 
the current status of port 6 I/O registers. All 
control status register bits can be read and 
written by the CPU, except bits 0 and 1 , 
which are read only. Reset writes ones to bits 
2 through 7, and writes zeros to bits 0 and 1 
(see Table 2). 

CSR.O Input Buffer Full Flag (IBF) (Read 
Only) - The IBF bit is set to a logic 1 when 
port 6 data is loaded into the input buffer 
under control of IDS. This can occur on the 
negative or positive edge of IDS, as 
determined by CSR.2 IBF is cleared when 
the CPU reads the input buffer register. 

CSR.1 Output Buffer Full Flag (OBF) 

(Read Only) - The OBF flag is set to a logic 
1 when the CPU writes to the port 6 output 
data buffer. OBF is cleared by the positive or 
negative edge of ODS, as determined by 
CSR.3. 

CSR.2 IDS Mode Select (IDSM) - When 
CSR.2 = 0, a low-to-high transition on the 
IDS pin sets the IBF flag. The Port 6 input 
buffer is loaded on the IDS positive edge. 
When CSR.2 = 1 , a high-to-low transition on 
the TT5S pin sets the IBF flag. Port 6 input 


buffer is transparent when IDS is low, and 
latched when IDS is high. 

CSR.3 Output Buffer Full Flag Clear Mode 
(OBFC) - When CSR.3 = 1, the positive 
edge of the ODS input clears the OBF flag. 
When CSR.3 = 0, the negative edge of the 
ODS input clears the OBF flag. 

CSR.4, CSR.5 AFLAG Mode Select (MAO, 
MA1) - Bits 4 and 5 select the mode of 
operation for the AFLAG pin as follows: 


MA1 MAO 

0 0 

0 1 

1 0 

1 1 


AFLAG Function 

Logic 0 output 
Logic 1 output 
OBF flag output (CSR. 1 ) 
Select (SEL) input mode 


The select (SEL) input mode is used to 
determine whether the port 6 data register or 
the control status register is output on port 6. 
When the select feature is enabled, the 
AFLAG input controls the source of port 6 
output data. A logic 0 on AFLAG input selects 
the port 6 data register, and a logic 1 on 
AFLAG input selects the control status 
register. 

CSR.6, CSR.7 BFLAG Mode Select (MBO, 
MB1) - Bits 6 and 7 select the mode 
operation as follows: 


MB1 MBO 

0 0 

0 1 

1 0 

1 1 


BFLAG Function 
Logic 0 output 
Logic 1 output 
IBF flag output (CSR.O) 
Port enable (PE) 


In the port enable mode, IDS and ODS inputs 
are disabled when BFLAG input is high. 

When the BFLAG input is low, the port is 
enabled for I/O. 


SPECIAL FUNCTION REGISTER 
ADDRESSES 

Special function register addresses for the 
device are identical to those of the 80C51 , 
except for the additional registers listed in 
Table 1 . 


Table 1 . Special Function Register Addresses 


REGISTER ADDRESS 

BIT ADDRESS 

NAME 

SYMBOL 

AADDRESS 

MSB 







LSB 

Port 4 


P4 

CO 

C7 

C6 

C5 

C4 

C3 

C2 

C1 

CO 

Port 5 


P5 

C8 

CF 

CE 

CD 

CC 

CB 

CA 

C9 

C8 

Port 6 data 


P6 

D8 

DF 

DE 

DD 

DC 

DB 

DA 

D9 

D8 

Port 6 control status 


CSR 

E8 

EF 

EE 

ED 

EC 

EB 

EA 

E9 

E8 
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AFLAC BFLAG 15DS 


BFLAG/OD5 

MODE 

(CSR.6/.7) 


INPUT 
BUFFER 
(P6 READ) 


INPUT BUFFER 
FULL(CSR.O) 


AFLAG MODE 


LU 

(CSR.4/.5) 


MUX 


OUTPUT BUFFER 
FULL (CSR.1) 


EDGE/LEVEL 
SELECT {CSR.2) 


CONTROL/STATUS OUTPUT BUFFER 
REGISTER (CSR) (P6 WRITE) 


Figure 1 . Port 6 Block Diagram 


Table 2. Control Status Register (CSR) 


BFLAG Mode Select 


0/0 = Logic 0 output* 
0/1 = Logic 1 output* 
1/0 = IBF output 
1/1 = PH input 
(0 = Select) 

(1 = Disable I/O) 


Bit 5 Bit 4 


MA1 [ MAO 

AFLAC Mode Select 


0/0 = Logic 0 output* 
0/1 = Logic 1 output* 
1/0 = OBF output 
1/1 = SEL input 
(0 = Select) 

(1 = Control/status) 


Output Buffer 
Flag Clear 
Mode 


Input Data 
Strobe Mode 


Output Buffer 
Flag Full 


Input Buffer 
Flag Full 


0 = Neg ative 0 = Positive 0 = Output 0 = Input data 
edge of OdS edge of TDS data buffer buffer empty 

1 = Po sitive i = Low level empty 1 = Input data 

edge o ODS of IDS 1 = Output buffer full 

data buffer full 


* Output-always mode: MB1 = 0, MAI = 1 , and MAO = 0. In this mode, port 6 is always enabled for output. ODS only clears the OBF flag. 

ABSOLUTE MAXIMUM RATINGS^’ ^ ^ 



PARAMETER 

RATING 

Ul 

SIIT 

Operating temperature under bias 

0 to -t-70 
-40 to +85 

° 

C 

Storage temperature range 

-65 to +150 


C 

Voltage on any other pin to Vss 

-0.5 to +6.5 





I Power dissipation (based on package heat transfer limitations, not device power consumption) 1^5 | W 

NOTES: 

1 . Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetfieless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 
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DC ELECTRICAL CHARACTERISTICS 

Tamb = 0°C to -I-70°C or -40°C to -i-85°C, Vcc = 5V ±20%, Vss = OV (80C451 , 83C451 ) 
Tamb = 0°c to -f70°C or ^0°C to -i-85°C. Vcc = 5V ±10%, Vss = OV (87C451 ) 




TEST 

LIMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYPICAL^ 

MAX 

UNIT 

V,L 

Input low voltage; except EA 


-0.5 


0.2Vcc-0.1 

V 

V|L1 

Input low voltage to EA 


0 


0.2Vcc-0.3 

V 

V,H 

Input high voltage; except XTAL1, RST 


0.2VCC+0.9 


Vcc+0.5 

V 

V|H1 

Input high voltage; XTAL1 , RST 


0.7Vcc 


Vcc+0-5 

V 

VoL 

Output low voltage; ports 1, 2, 3 

loL = 1.6mA2 



0.45 

V 

V0L1 

Output low voltage; port 0, ALE, PSEN 

Iql = 3.2mA2 



0.45 

V 

< 

o 

T . 

Output high voltage; ports 1 , 2, 3, 4, 5, 6 

loH = -60pA, 

2.4 



V 



•oh = -25fiA 

0.75Vcc 



V 



Iqh = -10pA 

0.9Vcc 



V 

VoH1 

Output high voltage (port 0 in external bus mode. ALE, 

•oh = — 800|iA, 

2.4 



V 


PSEN)3 

I OH ~ ~300jjA 

0.75Vcc 



V 



•oh ~ ~-80)iA 

0.9Vcc 



V 

IlL 

Logical 0 input current,; ports 1, 2, 3, 4, 5, 6 

V|N = 0.45V 



-50 

pA 

Itl 

Logical 1-to-O transition current; ports 1 , 2, 3 

See note 4 



-650 

pA 

Ili 

Input leakage current; port 0 

V|N = V|L orViH 



±10 

pA 

Icc 

Power supply current; 

See note 6 






Active mode @ 12MHz^ 



11.5 

25 

mA 


Idle mode <2) 12MHz^ 



1.3 

4 

mA 


Power down mode 



3 

50 

pA 

Rrst 

Internal reset pull-down resistor 


' 50 


300 

kI2 

C|0 

Pin capacitance^ - DIP package 




15 

PF 


- PLCC package 




10 

PF 


NOTES: 


1 . Typical ratings are based on a limited number of samples taken from early manufacturing lots and are not guaranteed. The values listed are 
at room temperature, 5V. 

2. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VqlS of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-O transitions during bus operations. In the 
worst cases (capacitive loading > lOOpF), the noise pulse on the ALE pin may exceed 0.8V In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input.. 

3. Capacitive loading on ports 0 and 2 may cause the Vqh ALE and PSEN to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 

4. Pins of ports 1 , 2 and 3 source a transition current when they are being externally driven from 1 to 0. The transition current reaches its 
maximum value when Vin is approximately 2V. 

5. IccMAX at other frequencies is given by: 

Active mode; IccMAX = 0.94 X FREQ + 13.71 
Idle mode: bcMAX = 0.14 X FREQ -l2.31 

where FREQ is the external oscillator frequency in MHz. IccMAX is given in mA. See Figure 13. 

6. See Figures 14 through 17 for Ice test conditions. 

7. Cio applies to ports 1 through 6, AFLAC, BFLAG, XTAL1, XTAL2. 
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AC ELECTRICAL CHARACTERISTICS 

Tamb = 0°C to -I-70°C or -40°C to -l85°C, Vcc = 5V ±20%, Vgs = OV (80C451 . 83C451 2 

Tamb = 0°C to +70°C or ^0°C to +85°C, Vcc = 5V ±10%, Vss = OV (87C451) 





12MHz CLOCK 

VARIABLE CLOCK 


SYMBOL 

FIGURE 

PARAMETER 

MIN 

MAX 

MIN 

MAX 

UNIT 

1/tCLCL 


Oscillator frequency; Speed Versions 
SC8XC451 B 



0.5 

12 

MHz 



SC8XC451 C 



3.5 

12 

MHz 



SC8XC451 G 



3.5 

16 

MHz 

flHLL 

2 

ALE pulse width 

127 


2tcLCL^0 


ns 

Wll 

2 

Address valid to ALE low 

28 


tcLCL-55 


ns 

tlLAX 

2 

Address hold after ALE low 

48 


fCLCL-35 


■■ 

^LLIV 

2 

ALE low to valid instruction in 


234 


4tcLCL~100 

ISI 

Illpl 

2 

ALE low to PSEN low 

43 


1clcl-40 



tpLPH 

2 

PSEN pulse width 

205 


3tcLCL-^5 


HjJ 

fPLIV 

2 

PSEN low to valid instruction in 


145 


3tcLCL-''05 


tpxtx 

2 

Input instruction hold after PSEN 

0 


0 


—I 

tpxiz 

2 

Input instruction float after PSEN 


59 


tcLCL-25 


WlV 

2 

Address to valid instruction in 


312 


5tcLCL-'>05 


tpLAZ 

2 

PSEN low to address float 


10 


10 


Data Memory 

Irlrh 

3.4 

RD pulse width 

400 


3fCLCL-1 00 




3.4 

Wn pulse width 





IQI 

tRLDV 


Rty low to valid data in 


252 




tRHDX 

IBH 

Data hold after HU 

0 


0 


IQi 

tRHDZ 


Data float after RU 


97 


2tcLCL-70 

^mn'' 

tlLDV 

3,4 

ALE low to valid data in 


517 


8tcLCL“150 



mm 

Address to valid data in 


585 




9tCLCL-135 


flLWL 

mm 

ALE low to ntJ or WR low 



3tcLCL-50 

3tcLCL+50 



wm 

Address valid to WR low or RR low 



4tcLCL-130 




3. 4 

Data valid to WR transition 

23 


tCLCL-€0 



tWHQX 

3,4 

Data hold after WR 

33 


tcLCL-50 


ns 

tRLAZ 

3. 4 

RU low to address float 


0 


0 

ns 

tWHLH 

3,4 

Rt5 or WR high to ALE high 

43 

123 

tCLCL-^O 

tCLCL+40 

ns 

Shift Register 

fXLXL 

5 

Serial port clock cycle time 

1.0 


1 2tcLCL 


ps 

Iqvxh 

5 

Output data setup to clock rising edge 

700 


10tcLCL-133 


ns 

tXHQX 

5 

Output data hold after clock rising edge 

50 


2tcLCL-R7 


ns 

tXHDX 


Input data hold after clock rising edge 

0 


0 


ns 

tXHDV 


Clock rising edge to input data valid 


700 


1 0tcLCL“^ 33 

ns 


NOTES: SEE NEXT PAGE 
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AC ELECTRICAL CHARACTERISTICS (Continued) 

Tamb = 0°C to -»-70°C or -40°C to -r85°C, Vcc = 5V ±20%, Vgs = OV (80C451 , 83C451 ■ 2 
Tamb = 0°c to +70°C or -40°C to -r85°C. Vcc = 5V ±10%, Vgs = OV (87C451) 


SYMBOL 



FIGURE 

PARAMETER 

12MHz CLOCK 

VARIABLE CLOCK 

UNIT 

MIN 

MAX 

MIN 

MAX 

Port 6 input (input rise and fall times = 5ns) 

tpLFH 

8 

PE width 

270 


3tCLCL+20 


ns 

tlLIH 

8 

IDS width 

270 


3tCLCL+20 


ns 

toVlH 

8 

Data setup to IDS high or PE high 

0 


0 


ns 

tiHDX 

8 

Data hold after IDS high or PE high 

30 


30 


ns 

tiVFV 

9 

IDS to BFLAG (IBF) delay 


130 


130 

ns 

Port 6 output 

tOLOH 

6 

OdS width 

270 


3tcLCL+20 


ns 

tpVDV 

7 

SEL to data out delay 


85 


85 

ns 

tOLDV 

6 

ODS to data out delay 


80 


80 

ns 

foHDZ 

6 

ODS to data float delay 


35 


35 

ns 

foVFV 

6 

ODS to AFLAG (OBF) delay 


100 


100 

ns 

tPLDV 

6 

PE to data out delay 


120 


120 

ns 

fOHFH 

7 

ODS to AFLAG (SEL) delay 

100 


100 


ns 

External Clock 

fCHCX 

10 

High time 

20 


20 


ns 

fcLCX 

10 

Low time 

20 


20 


ns 

tcLCH 

10 

Rise time 


20 


20 

ns 

tcHCL 

10 

Fall time 


20 


20 

ns 


NOTES: 


1 . Parameters are valid over operating te mperat ure range unless otherwise specified. 

2. Load capacitance for port 0, ALE, and PSEN = 1 0OpF, load capacitance for all other outputs = 80pF. 
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EXPLANATION OF THE AC SYMBOLS 

P - P5ER 


Each timing symbol has five characters. The 
first character is always ‘t’ (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 

A - Address 
C - Clock 
D - Input data 
H - Logic level high 

I - Instruction (program memory contents) 
L - Logic level low, or ALE 


Q - Output data 
R - TfD signal 
t - Time 
V - Valid 
W- WR signal 

X - No longer a valid logic level 
Z - Float 

Examples: tAVLL = Tihie for address valid 
to ALE low. 

tiLPL = Time for ALE low to 
PSEN low. 
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TIMING 

REFERENCE 

POINTS 


AC inputs during testing are driven at Vcc for a logic '1 ' and 0.45V for a logic 'O'. 
Timing measurements are made at V||-| min for a logic '1 ' and Vjl for a logic 'O'. 


NOTE: 

For timing purposes, a port is no longer floating when a tOOmV change from load 
voltage occurs, and begins to float when a lOOmV change from the loaded Voi-|/ 
Vql l®vel occurs. loH^IOL^±-20mA. 


Figure 11. AC Testing Input/Output 


Figure 1 2. Float Waveform 



MAX ACTIVE MODE 


TYP ACTIVE MODE 


4MHz 8MHz 12MHz 16MHz 


VALID ONLY WITHIN FREQUENCY SPECIFICATIONS OF THE DEVICE UNDER TEST. 


Figure 13. Ice vs. FREQ 
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(NC)- 
CLOCK SIGNAL- 



vec 

RST 

PO 


EA 

XTAL2 


XTAL1 



IDS 

Vss 

005 


Figure 1 4. Ice Test Condition, Active Mode 
All other pins are disconnected 


(NC)- 

CLOCK SIGNAL. 



Figure 15. Icc Test Condition, idle Mode 
All other pins are disconnected 


Vcc-O-5 - 
0.45V - 



Figure 16. Clock Signal Waveform for Ice Tests in Active and Idle Modes 
fcLCH = tcHCL = 5ns 


RST 

Vec 


PO 


EA 

XTAL2 


XTAL1 

Vee 


▼ss 

IDS 

005 


Figure 17. Iqc Test Condition, Power Down Mode 
All other pins are disconnected. Vec = 2V to 5.5V 
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EPROM CHARACTERISTICS 

The 87C451 is programmed by using a 
modified Quick-Pulse Programming"^” 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALE/PROG pulses. 

The 87C451 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C451 manufactured by Philips 
Semiconductors. 

Table 3 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configuration and 
waveform.s for quick-pulse programming are 
shown in Figures 18 and 19. Figure 20 shows 
the circuit configuration for normal program 
memory verification. 

Quick-Pulse Programming 

The setup for microcontroller quick-pulse 
programming is shown in Figure 18. Note that 
the 87C451 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 

The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 18. The code byte to be 
programmed into that location is applied to 
port 0. RST, PSEN and pins of ports 2 and 3 
specified in Table 3 are held at the ‘Program 
Code Data’ levels indicated in Table 3. The 
ALE/PROG is pulsed low 25 times as shown 
in Figure 19. 


To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 1FH, using the ‘Pgm 
Encryption Table’ levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 

To program the lock bits, repeat the 25 pulse 
programming sequence using the 'Pgm Lock 
Bit’ levels. After one lock bit is programmed, 
further programming of the code memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 

Note that the ETWpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 

Program Verification 

If lock bit 2 has not been programmed, the 
on-chip program memory can be read out for 
program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 20. The other pins are held at the 
‘Verify Code Data’ levels indicated in Table 3. 
The contents of the address location will be 
emitted on port 0. External pull-ups are 
required on port 0 for this operation. 

If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature Bytes 

The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are; 

(030H) = 15H indicates manufactured by 
Philips 

(031 H)= 90H indicates 87C451 

Program/Verify Algorithms 

Any algorithm in agreement with the 
conditions listed in Table 3, and which 
satisfies the timing specifications, is suitable. 

Erasure Characteristics 

Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 
1 week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, it 
is recommended that an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
ISW-sec/cm^. Exposing the EPROM to an 
ultraviolet lamp of 12,000uW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 

Erasure leaves the array in an all Is state. 


Table 3. EPROM Progamming Modes 


MODE 

RST 

PSER 

ALE/PRDG 

ESA/pp 

P2.7 

P2.6 

P3.7 

P3.6 

Read signature 

1 

0 

1 

1 

0 

0 

0 

0 

Program code data 

1 

0 

0* 

CL 

1 

0 

1 

1 

Verify code data 

1 

0 

1 

1 

0 

0 

1 

1 

Pgm encryption table 

1 

0 

0* 

Vpp 

1 

0 

1 

0 

Pgm lock bit 1 

1 

0 

0* 

Vpp 

1 

1 

1 

1 

Pgm lock bit 2 

1 

0 

0* 

Vpp 

1 

1 

0 

0 


NOTES: 

1 . ‘0’ = Valid low for that pin, ‘ 1 ’ = valid high for that pin. 

2. Vpp = 12.75V ±0. 25V. 

3. Vcc = 5V ±1 0% during programming and verification. 

* ALE/PROG receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for lOOps (±10p.s) and high for a 
minimum of 10p.s. 


^“Trademark phrase of Intel Corporation. 
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Vcc 

PI 


RST 

EAATpp 

P3.6 

ALE/PROG 

P3.7 

87C451 P5ER 

XTAL2 

P2.7 


P2.6 

XTAL1 

P2.0-4>2.4 

Vss 



+1 2.75 V 

25 lOOjiS PULSES TO GROUND 


Figure 18. Programming Configuration 


“LR 


Figure 19. PROG Waveform 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 

Tamb = 2rc to +27°C, Vcc = 5V±10%. Vss = ov (See Figure 21) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Vpp 

Programming supply voltage 

12.5 

13.0 

V 

Ipp 

Programming supply current 


50 

mA 

1/tcLCL 

Oscillator frequency 

4 

6 

MHz 

tAVGL 

Address setup to PROG low 

48tcLCL 



fGHAX 

Address hold after PROG 

48tcLCL 



bVGL 

Data setup to PROG low 

48tcLCL 



tGHDX 


48tcLCL 



Iehsh 

P2.7 (ENABLE) high to Vpp 

48tcLCL 



fSHGL 

Vpp setup to PrOG low 

10 


ps 

Ighsl 

Vpp hold after PROG 

10 


ps 

tGLGH 

PROG width 

90 

110 

ps 

UVQV 

Address to data valid 


48tcLCL 


tELQZ 

ENABLE low to data valid 


48tcLCL 


tEHQZ 

Data float after ENABLE 

0 

48tcLCL 


kSHGL 

PROG high to PROG low 

10 


\LS 
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80C51 Family Derivatives 


8XC524/8XC528 overview 


8XC524/8XC528 OVERVIEW 

The 8XC524/8XC528 are high-performance 
single-chip microcontrollers manufactured in 
an advanced CMOS process and are 
derivatives of the 80C51 microcontroller 
family. With the exception of open-drain 
outputs on two port pins, they are fully 
compatible with the industry standard 80C51 
and include a number of additional 
enhancements. They are well suited for 
applications requiring large amounts of 
on-chip ROM and RAM. Additional special 
function registers are incorporated to control 
the on-chip peripherals. 

The 8XC524/8XC528 contains a non-volatile 
16k (8XC524) or 32k (8XC528) x 8 read-only 
program memory, a volatile 512x8 
read/write data memory, four 8-bit I/O ports, 
two 16-bit timer/counters (identical to those in 
the 80C51), a 16-bit timer coupled to capture 
and compare registers (Identical to T2 of the 
80C52), a multisource two-priority level 
nested interrupt structure, two serial 
interfaces (a standard DART and FC bus), a 
watchdog timer with separate oscillator, and a 
master oscillator. The 8XC524/8XC528 also 
include ROM code protection and enhanced 
recovery from power-down mode. 

Differences from the 80C51 

The 8XC524/8XC528 contains 16 (8XC524) 
or 32 (8XC528) kbytes of on-chip program 
memory which can be extended to 64 kbytes 
with external memories (see Figure 1 ). 

When the EA pin is held high, the 
8XC524/8XC528 fetches instructions from 
internal ROM unless the address exceeds 
7FFFH. Locations 8000H to FFFFH are 


fetched from external program memory. 

When the EA pin is held low, all instruction 
fetches are from external memory. The 
80/83C528 latches the EA pin during RESET. 

By setting a mask programmable security bit, 
the internal ROM contents are protected and 
cannot be read with the help of test modes or 
by execution of MOVC Instructions from 
external program memory. The operation of 
the MOVC instructions in internal and 
external program memory with the security bit 
is as follows: 


FUNCTION 

ACCESS TO 
INTERNAL 
PROGRAM 
MEMORY 

ACCESS TO 
EXTERNAL 
PROGRAM 
MEMORY 

MOVC in 
internal 
program 
memory 

Yes 

Yes 

MOVC in 
external 
program 
memory 

No 

Yes 


There are no restrictions on the operation of 
MOVC instructions if the security bit is 
cleared (logic zero). The state of the EA pin is 
latched during reset, and its status following 
reset is ignored. This prevents reading from 
internal program memory by switching from 
external to internal mode during the execution 
of a MOVC instruction. 

Data Memory 

The internal data memory is divided Into four 
physically separate sections: the lower 128 


bytes of RAM, a second 1 28 bytes of RAM, a 
256-byte auxiliary RAM (AUX-RAM), and the 
1 28-byte special function register (SFR) 
space. 

The lower 1 28 bytes of RAM (addresses 0 to 
7FH) are directly and indirectly addressable 
and correspond to the 128 bytes of RAM in 
the 80C51 . The second 1 28 bytes of RAM 
and the special function registers share the 
same address space but are accessed 
through different addressing modes. 

RAM locations 80H to FFH are only indirectly 
addressable while the special function 
registers are only directly addressable. This 
is the same addressing method used in the 
80C52. 

The 256-byte AUX-RAM, while physically 
located on-chip, logically occupies the first 
256 bytes of external data memory. As such, 
it is indirectly addressed in the same way as 
external data memory using the MOVX 
instructions in combination with any of the 
registers RO, R1 , or DPTR. Accesses to 
AUX-RAM locations (0 to FFH) will not affect 
ports PO, P2, or pins P3.6 or P3.7. 

Access to external data memory locations 
100H to FFFFH will perform normally. The 
stack may be located anywhere in the 
internal data memory by loading the 8-bit 
stack pointer and has a maximum depth of 
256 bytes. The stack may not be located in 
AUX-RAM. Figure 16 shows the data 
memory map of the 8XC528 along with a 
summary of accessing modes. 
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Special Function Registers 
The special function registers contain all of 
the 8XC524/8XC528 registers except the 
program counter and the four register banks. 
Most of the 31 special function registers are 
used to control on-chip peripheral hardware. 
Other registers include arithmetic registers 
(ACC, B, PSW), stack pointer (SP), and data 
pointer registers (DPH. DPI). Thirteen of the 
SFRs are bit addressable. Table 1 lists the 
8XC524/8XC528 special function registers. 

The standard 80C52 SFRs are present and 
function identically in the 8XC524/8XC528. 
SFRs SCON and SBUF of the 80C51 have 
been renamed SOCON and SOBUF, 
respectively. 

Watchdog Timer 

In addition to timers TO, T1 , and T2, the 
8XC524/8XC528 also includes a watchdog 
timer, T3. The purpose of a watchdog timer is 
to reset the microcontroller within a 
reasonable time should it enter an erroneous 
processor state (possibly caused by electrical 


noise or RFI). When enabled, the watchdog 
circuitry will generate a system reset if the 
user program fails to reload the watchdog 
timer prior to the timer overflowing. 

The watchdog timer consists of an 11 -bit 
prescaler and an 8-bit timer, T3. shown in 
Figure 3. The prescaler is incremented by a 
dedicated on-chip oscillator with a fixed 
frequency of 1MHz with a tolerance of +100% 
and -60%. The 8-bit timer, T3, increments 
every 2048 cycles of this dedicated oscillator. 


When a timer overflow occurs, the 
8XC524/8XC528 is reset, and a reset pulse 
of 16 X 2048 cycles of the dedicated oscillator 
is generated at the reset pin. 

The internal reset signal is not inhibited when 
the external reset pin is held low by an 
external circuit. The watchdog timer is 
controlled by the special function register 
WDCON. After a reset signal, WDCON will 
contain the value ASH, which halts the 
dedicated oscillator and clears both the 


prescaler and timer T3. Any value stored in 
WDCON other than ASH will enable the 
watchdog timer. 

Timer T3 can be read on the fly. Timer T3 can 
only be written if WDCON contains the value 
5AH. A successful write operation to T3 will 
clear the prescaler and WDCON, leaving the 
watchdog enabled and preventing inadvertent 
changes of T3. 

During a read or write operation to T3, the 
output of the dedicated osdilator is inhibited 
to prevent timing problems due to 
asynchronous increments of T3. To prevent 
an overflow of the watchdog timer, the user 
program has to reload the watchdog timer 
within periods that are shorter than the 
programmed watchdog interval. This time 
interval is determined by the 8-bit value 
loaded into T3. 


Watchdog interval = 


[256 - (T3)] X 2048 
dedicated osc freq 



Figure 2. Internal Data Memory Address Space 
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Table 1 . 8XC524/8XC528 Special Function Registers 


SYMBOL 

DESCRIPTION 

DIRECT 

ADDRESS 

BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 

MSB LSB 

RESET 

VALUE 

ACC* 

Accumulator 

EOH 

E7 

E6 

E5 

E4 

E3 

E2 

El 

EO 

OOH 

B* 

B register 

FOR 

F7 

F6 

F5 

F4 

F3 

F2 

FI 

FO 

OOH 

DPTR: 

Data pointer (2 bytes); 











DPH 

Data pointer high 

83H 









OOH 

DPL 

Data pointer low 

82H 

AF 

AE 

AD 

AC 

AB 

AA 

A9 

A8 

OOH 

IE*# 

Interrupt enable 

ASH 

EA 

ESI 

ET2 

ESO 

ET1 

EX1 

ETO 

EXO 

OOH 




BF 

BE 

BD 

BC 

BB 

BA 

B9 

B8 


IP*# 

Interrupt priority 

B8H 


PS1 

PT2 

PSO 

PT1 

PX1 

PTO 

PXO 

xOOOOOOOB 




87 

86 

85 

84 

83 

82 

81 

80 


PO* 

Porto 

80H 

AD7 

AD6 

ADS 

AD4 

AD3 

AD2 

ADI 

ADO 

FFH 




97 

96 

95 

94 

93 

92 

91 

90 


PI* 

Port 1 

90H 

SDA 

SEL 





T2EX 

T2 

FFH 




A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 


P2* 

Port 2 

AOH 

A15 

A14 

A13 

A12 

A11 

A10 

A9 

A8 

FFH 




B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 


P3* 

Ports 

BOH 

RD 

WR 

T1 

TO 

INT1 

INTO 

TxD 

RxD 

FFH 

PCON 

Power control 

87H 

SMOD 

- 

- 

- 

GF1 

GFO 

PD 

IDL 

OxxxOOOOB 




D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 


PSW* 

Program status word 

DOH 

CY 

AC 

FO 

RSI 

RSO 

OV 


P 

OOH 

RCAP2H# 

Capture high 

CBH 









OOH 

RCAP2L# 

Capture low 

CAH 









OOH 

SBUF 1 

Serial data buffer 

99H 

9F 

9E 

9D 

9C 

9B 

9A 

99 

98 

xxxxxxxxB 

SCON* 

Serial controller 

98H 

SMO 

SMI 

SM2 

REN 

TBS 

RB8 

Tl 

Rl 

OOH 

SI BIT# 

Serial I^C data 

D9H/RD 

SDI 

0 

0 

0 

0 

0 

0 

0 

xOOOOOOOB 



WR 

SDO 

X 

X 

X 

X 

X 

X 

X 

OxxxxxxxB 

S1INT# 

Serial I^C interrupt 

DAH 

INT 

X 

X 

X 

X 

X 

X 

X 

OxxxxxxxB 




DF 

DE 

DD 

DC 

DB 

DA 

D9 

D8 


S1SCS*# 

Serial I^C control 

D8H/RD 

SDI 

SCI 

CLH 

BB 

RBF 

WBF 

STR 

ENS 

xxxxOOOOB 



WR 

SDO 

SCO 

CLH 

X 

X 

X 

STR 

ENS 

OOxxxxOOB 

SP 

Stack pointer 

81H 

8F 

8E 

8D 

8C 

8B 

8A 

89 

88 

07H 

ICON* 

Timer control 

88H 

TF1 

TR1 

TFO 1 

TRO 

1 IE1 

I IT1 

lEO I 

ITO 

OOH 




CF 

CE 

CD 

cc 

CB 

CA 

C9 

C8 


T2CON*# 

Timer 2 control 

C8H 

TF2 

EXF2 

RCLK 

TCLK 

1 EXEN2 

1 

C/T2 I 

1 CP/RL2 

OOH 

THO 

Timer high 0 

8CH 









OOH 

THl 

Timer high 1 

SDH 









OOH 

TH2# 

Timer high 2 

CDH 









OOH 

TLO 

Timer low 0 

8AH 









OOH 

TL1 

Timer low 1 

8BH 









OOH 

TL2# 

Timer low 2 

CCH 









OOH 

T3# 

Watchdog timer 

FFH 









OOH 

TMOD 

Timer mode 

89H 

GATE 

1 1 

Ml 1 

MO 1 

1 GATE 1 

C/T 

Ml 1 

1 MO 

OOH 

WDCON# 

Watchdog control 

ASH 


ASH 


* SFRs are bit addressable. 

# SFRs are modified from or added to the 80C51 SFRs. 
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I^C Interface 

Support of the I^C bus on the 8XC524/ 
8XC528 is provided by a bit-level serial 
interface. This interface is supported by 
registers S1INT. S1BIT, and S1SCS in 
conjunction with pins PI .6/SCL and 
P1.7/SDA. These latter two pins meet the I^C 
bus specifications for input and output drive 
levels and consequently have open drain 
outputs. All four modes of the l^C bus are 
supported: master transmitter, master 
receiver, slave transmitter, and slave receiver. 
A 100kbps data rate can be achieved in slave 
mode with a master oscillator frequency of 
12 MH 2 . In Master mode with a 12MHz clock 
a muximum data rate of 70k bps can be 
achieved. 


The |2C interface on the 8XC524/8XC528 
performs the following functions: 

• Generates an interrupt on reception of a 
START condition 

• Recognizes a STOP condition and 
indicates busy or free status of bus 

• Latches a received serial bit 

• Generates a single serial clock pulse on 
SCL pin 

• Performs serial clock synchronization 

• Detects bit-level arbitration loss 


The three SFRs used for I^C are: 

S1INT 


7 6 5 4 3 2 1 0 



SIBIT(READj) 

7 6 5 4 3 2 1 0 



(WRITE) 

7 6 5 4 3 2 1 0 



SISCS(READ) 

7 6 5 4 3 2 1 0 



(WRITE) 


7 6 5 4 3 2 1 0 
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Interrupts 

The interrupt structure of the 8XC524/ 
8XC528 is the same as that used in the 
80C51 but includes two additional interrupt 
sources: one for the third timer/counter, T2, 
and one for the I^C interface. The interrupt 
enable and interrupt priority registers are IE 
and IP. 

IE (ASH) 


7 6 

5 

4 3 2 1 0 

1 EA 1 ESI 

1 ET2| 1 

ESO 1 ETI 1 EX1 1 ETO 1 EXO 

Symbol Position 

Function 

EA 

IE.7 

General 

enable/disable control 

0- No interrupt Is 
enabled 

1 - Any individually 
enabled interrupt 
will be accepted 

ESI 

IE.6 

Enable bit-level I^C I/O 
interrupt 

ET2 

IE.5 

Enable timer 2 interrupt 

ESO 

IE.4 

Enable serial port 
interrupt 

ET1 

IE.3 

Enable timer 1 interrupt 

EX1 

IE.2 

Enable external 1 
interrupt 

ETO 

IE.1 

Enable timer 0 interrupt 

EXO 

lE.O 

Enable external 0 
interrupt 


IP (BdH) 

7 6 

5 

4 3 2 1 0 

rr^ 

1 PT2 I PSO 1 PT1 1 PX1 1 PTO I PXO 

Symbol Position 

Function 

- 

IP.7 

Reserved 

PS1 

IP.6 

Bit-level I^C interrupt 
priority level 

PT2 

IP.5 

Timer 2 interrupt priority 
level 

PSO 

IP.4 

Serial port interrupt 
priority level 

PT1 

IP.3 

Timer 1 interrupt priority 
level 

PX1 

IP.2 

External interrupt 1 
priority level 

PTO 

IP.1 

Enable timer 0 interrupt 

PXO 

IP.O 

External interrupt 0 
priority level 


The interrupt vector locations and the 
interrupt priorities are: 

Source Priority within Level 

Vector Address Highest 

0003H lEO 
002BH TF2+EXF2 
0053H SI (|2C) 

OOOBH TFO 
001 3H IE1 
001 BH TF1 

0023H R1+T1 Lowest 

Idle Mode 


Idle and power-down operation is similar to 
that used in the 80C51 . Idle mode permits the 
interrupts, serial ports, and timers to function 
while the CPU operation is halted. During idle 


mode, the following functions remain active 
and may generate an interrupt or reset 
ending the idle mode: 

• Timer 0, 1. 2. or 3 (watchdog) 

• Standard async UART 

• |2C interface 

• External interrupts 

Idle mode is entered by setting bit PCON.O. 
Once in the idle mode the CPU status is 
preserved, and all registers and RAM 
maintain their data. The status of device pins 
during idle mode is shown in Table 2. Idle 
mode is terminated by the activation of any 
enabled interrupt or by the occurrence of a 
reset signal (including the watchdog timer 
overflow). 

Power-Down Mode 

During power-down mode, the master 
oscillator is stopped, CPU status is 
preserved, and all registers and RAM retain 
their data. The status of device pins during 
power down is the same as with the idle 
mode and is shown in Table 2. The 
power-down mode is terminated by a reset 
signal (including a watchdog timer overflow), 
or by the occurrence of either of the two 
external interrupts. 

To terminate power-down mode with the 
external interrupts, the given interrupt must 
be programmed to be level-sensitive and 
must be enabled. The interrupt pin must be 
held low until the master oscillator has 
restarted and is stabilized. 


Table 2. Status of the External Pins During idle and Power-Down Modes 


MODE 

MEMORY 

ALE 

PSEN 

PORTO 

PORT1 

PORT 2 

PORTS 

Idle 

Internal 

1 

1 

Port data 

Port data 

Port data 

Port data 

Idle 

External 

1 

1 

Floating 

Port data 

Address 

Port data 

Power-down 

Internal 

0 

0 

Port data 

Port data 

Port data 

Port data 

Power-down 

External 

0 

0 

Floating 

Port data 

Port data 

Port data 
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DESCRIPTION 

The 87C524 single-chip 8-bit microcontroller 
is manufactured in an advanced CMOS 
process and is a derivative of the 80C51 
microcontroller family. The 87C524 has the 
same instruction set as the 80C51 . 

This device provides architectural 
enhancements that make it applicable in a 
variety of applications in consumer, telecom 
and general control systems, especially in 
those systems which need large ROM and 
RAM capacity on-chip. 

The 87C524 contains a 16k x 8 EPROM, a 
512x8 RAM, four 8-bit I/O ports, two 16-bit 
timer/event counters (identical to the timers of 
the 80C51). a 16-bit timer (identical to the 
timer 2 of the 80C52), a watchdog timer with 
a separate oscillator, a multi-source, 
two-priority-level, nested interrupt structure, 
two serial interfaces (UART and I^C-bus), 
and on-chip oscillator and timing circuits. 

In addition, the 87C524 has two software 
selectable modes of power reduction — idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial port, and interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be inoperative. 


FEATURES 

• 80C51 instruction set 

- 16k X 8 EPROM 

- 512x8RAM 

- Memory addressing capability 
64k ROM and 64k RAM 

- Three 16-bit counter/timers 

- On-chip watchdog timer with osdilator 

- Full duplex UART 

- I^C serial interface 

• Power control modes: 

- Idle mode 

- Power-down mode 

- Warm start from power-down 

• CMOS and TTL compatible 

• Two speed ranges at Vcc = 5V ±10% 

- 3.5 to 16MHz 

- 3.5 to 20MHz 




• Extended temperature ranges 


• OTP package available 6 i 4 o 
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ORDERING INFORMATION 


EPROM 

TEMPERATURE RANGE <»C AND PACKAGE 

FREQUENCY 

DRAWING NUMBER 

P87C524EBP N 

0 to +70, Plastic Dual In-line Package 

16MHz 

0415C 

P87C524EBF FA 

0 to +70, Ceramic Dual In-line Package w/Window 

16MHz 

0590B 

P87C524EBA A 

0 to +70, Plastic Leaded Chip Carrier 

16MHz 

0403G 

P87C524EBL KA 

0 to +70, Ceramic Leaded Chip Carrier w/Window 

16MHz 

1472A 

P87C524EBB B 

0 to +70, Plastic Quad Flat Pack 

16MHz 

SOT311 

P87C524GFP N 

-40 to +85, Plastic Dual In-line Package 

20MHz 

041 5C 

P87C524GFF FA 

-40 to +85, Ceramic Dual In-line Package w/Window 

20MHz 

0590B 

P87C524GFA A 

-40 to +85, Plastic Leaded Chip Carrier 

20MHz 

0403G 

P87C524GFL KA 

-40 to +85, Ceramic Leaded Chip Carrier w/Window 

20MHz 

1472A 


CERAMIC AND PLASTIC LEADED 
CHIP CARRIER PIN FUNCTIONS 



Pin 

Function 

Pin 

Function 

1 

NC 

23 

NC 

2 

P1.0/T2 

24 

P2.0/A8 

3 

P1.1/T2EX 

25 

P2.1/A9 

4 

PI. 2 

26 

P2.2/A10 

5 

PI. 3 

27 

P2.3yA11 

6 

PI. 4 

28 

P2.4/A12 

7 

P1.5 

29 

P2.5/A13 

8 

P1.6/SCL 

30 

P2.6/A14 

9 

P1.7/SDA 

31 

P2.7/A15 

10 

RST 

32 

P5EFJ 

11 

P3.0/RXD 

33 

ALE/PROG 

12 

NC 

34 

NC 

13 

P3.1/TxD 

35 

EAA/pp 

14 

P3.2/iNnro 

36 

P0.7/AD7 

15 

P3.3/INTT 

37 

P0.6/AD6 

16 

P3.4/T0 

38 

P0.5/AD5 

17 

P3.5Ari 

39 

P0.4/AD4 

18 

P3.6/WR 

40 

P0.3/AD3 

19 

P3.77RD 

41 

P0.2/AD2 

20 

XTAL2 

42 

P0.1/AD1 

21 

XTAL1 

43 

PO.O/ADO 

22 

vss 

44 

vcc 


PLASTIC QUAD FLAT PACK 
PIN FUNCTIONS 


44 34 



Pin 

Function 

Pin 

Function 

1 

P1.5 

23 

P2.5/A13 

2 

P1.»SCL 

24 

P2.6/A14 

3 

P1.7/SDA 

25 

P2.7/A15 

4 

RST 

26 

P5ETJ 

5 

PO.CVRxD 

27 

ALE.^PRDG 

6 

NC 

28 

NC 

7 

P3.1/TxD 

29 

EA/Vpp 

8 

P3.2/]FrrO 

30 

P0.7/AD7 

9 

P3.3/]RTr 

31 

P0.6/AD6 

10 

P3.4rro 

32 

P0.5/AD5 

11 

P3.5m 

33 

P0.4/AD4 

12 

P3.6/WR 

34 

P0.3/AD3 

13 

P3.7RD 

35 

P0.2/AD2 

14 

XTAL2 

36 

P0.1/AD1 

15 

XTAL1 

37 

PO.O/ADO 

16 

Vss 

38 

Vcc 

17 

NC 

39 

NC 

18 

P2.Q/A8 

40 

P1.0/T2 

19 

P2.1/A9 

41 

P1.1/T2EX 

20 

P2.2^A10 

42 

PI. 2 

21 

P2.3/A11 

43 

P1.3 

22 

P2.4/A12 

44 

PI. 4 
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OSCILLATOR 

AND 

TIMING 


PROGRAM 

MEMORY 

(16Kx8 

EPROM) 


TWO 16-BIT 
TIMER/EVENT 
COUNTERS 


16-BIT 

TIMER/ 

, EVENT COUNTER , 


INTERNAL 

INTERRUPTS 


64K-BYTE BUS 
EXPANSION 
CONTROL 


PROGRAMMABLE I/O 


PROGRAMMABLE 
SERIAL PORT 
FULL DUPLEX UART 
SYNCHRONOUS SHIFT 


BIT-LEVEL 

PC 

INTERFACE 


EXTERNAL 

INTERRUPTS 


PARALLEL PORTS, 
ADORESS/DATA BUS 
AND I/O PINS 


SHARED WITH 
PORTS 
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PIN DESCRIPTION 




PIN NO. 



MNEMONIC 

DIP 

LCC 

QFP 

TYPE 

NAME AND FUNCTION 

Vss 

20 

22 

16 

1 

Ground: OV reference. 

Vcc 

40 

44 

38 

1 

Power Supply: This is the power supply voltage for normal, idle, and power-down operation. 

PO.0-0.7 

39-32 

43-36 

37-30 

I/O 

Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have Is written to them 
float and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order 
address and data bus during accesses to external program and data memory. In this 
application, it uses strong Internal pull-ups when emitting Is. Port 0 also outputs the code 
bytes during program verification in the P87C524. External pull-ups are required during 
program verification. 

P1.0-P1.7 

1-8 

2-9 

40-44, 

1-3 

I/O 

Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups, except PI .6 and PI .7 
which are open drain. Port 1 pins that have 1 s written to them are pulled high by the internal 
pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: I|l). 

Port 1 can sink/source one TTL (4LSTTL) inputs. Port 1 receives the low-order address byte 
during program memory verification. Port 1 also serves alternate functions for timer 2: 


1 

2 

40 

I 

T2 (Pl,0): Timer/counter 2 external count input. 


2 

3 

41 

1 

T2EX (P1.1): Timer/counter 2 trigger input. 


7 

8 

2 

I/O 

SCL (PI .6): I^C serial port dock line. 


8 

9 

3 

I/O 

SDA (PI .7): I^C serial port data line. 

P2.0-P2.7 

21-28 

24-31 

18-25 

I/O 

Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have Is 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: Iil). Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data memory 
that use 16-blt addresses (MOVX @DPTR). In this application, it uses strong internal 
pull-ups when emitting Is. During accesses to externa! data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 

P3.0-P3.7 

10-17 

11. 

13-19 

5, 

7-13 

I/O 

Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have Is 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are externally being pulled low will source current because of the pull-ups. 

(See DC Electrical Characteristics: Iil). Port 3 also serves the special features of the 

SC80C51 family, as listed below: 


10 

11 

5 

1 

RxD (P3.0): Serial input port 


11 

13 

7 

o 

TxD (P3.1): Serial output port 


12 

14 

8 

1 

INTO (P3.2): External interrupt 


13 

15 

9 

1 

INTI (P3-3): External interrupt 


14 

16 

10 

1 

TO (P3.4): Timer 0 external input 


15 

17 

11 

1 

T1 (P3.5): Timer 1 external input 


16 

18 

12 

o 

WR (P3.6); External data memory write strobe 


17 

19 

13 

o 

HU (P3.7); External data memory read strobe 

RST 

9 

10 

4 

I/O 

Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vcc- After a watchdog timer overflow, this pin is pulled high while the internal 
reset signal is active. 

ALE/PRTO 

30 

33 

27 

I/O 

Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the 
address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is skippi^ during each access to external data memory. This pin is 
also the program pulse input (PROG) during EPROM programming. 

PSER 

29 

32 

26 

o 

Program Store Enable: The read strobe to external program memory. When the device is 
executing code from the external program memory, PSEN is activated twice each machine 
cycle, except that two PSEN activations are skipped during each access to external data 
memory. PSEN is not activated during fetches from internal program memory. 

EA/Vpp 

31 

35 

29 

1 

External Access Enable/Programming Supply Voltage: EA must be externally held low to 
enable the device to fetch code from external program memory locations OOOOH to 7FFFH. If 
EA is held high, the device executes from internal program memory unless the program 
counter contains an address greater than 7FFFH. This pin also receives the 12.75V 
programming supply voltage (Vpp) during EPROM programming. 

XTAL1 

19 

21 

15 

1 

Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 

XTAL2 

18 

20 

14 

o 

Crystal 2: Output from the inverting oscillator amplifier. 
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Table 1. Internal and External Program Memory Access with Security Bit Set 


INSTRUCTION 

ACCESS TO INTERNAL 
PROGRAM MEMORY 

ACCESS TO EXTERNAL 
PROGRAM MEMORY 

Move in internal program memory 

YES 

YES 

Move in external program memory 

NO 

YES 


INTERNAL DATA MEMORY 

The internal data memory is divided into three 
physically separated segments: 256 bytes of 
RAM. 256 bytes of AUX-RAM, and a 1 28 
bytes special function area. These can be 
addressed each in a different way. 

- RAM 0 to 1 27 can be addressed directly 
and indirectly as in the 80C51 . Address 
pointers are RO and R1 of the selected 
register bank. 

- RAM 128 to 255 can only be addressed 
indirectly as in the 80C51 . Address 
pointers are RO and R1 of the selected 
register bank. 

- AUX-RAM 0 to 255 is indirectly addressed 
in the same way as external data memory 
with the MOVX instructions. Address 
pointers are RO, R1 of the selected register 
bank and DPTR. An access to AUX-RAM 0 
to 255 will not affect ports PO. P2, P3.6 and 
P3.7. 

An access to external data memory locations 
higher than 255 will be performed with the 
MOVX DPTR instructions in the same way as 
in the 8051 structure, so with PO and P2 as 
data/address bus and P3.6 and P3.7 as write 
and read timing signals. Note that these 
external data memory cannot be accessed 
with RO and R1 as address pointer. 

TIMER 2 

Timer 2 is functionally equal to the Timer 2 of 
the 8052AH. Timer 2 is a 1 6-bit timer/counter. 
These 1 6 bits are formed by two special 
function registers TL2 and TH2. Another pair 
of special function register RCAP2L and 
RCAP2H form a 16-bit capture register or a 
16-bit reload register. Like Timer 0 and 1 , it 
can operate either as a timer or as an event 
counter. This is selected by bit C/T2N in the 
special function register T2CON. It has three 
operating modes: capture, autoload, and 
baud rate generator mode which are selected 
by bits in T2CON. 

WATCHDOG TIMER T3 

The watchdog timer consists of an 11 -bit 
prescaler and an 8-bit timer formed by special 
function register T3. The prescaler is 
incremented by an on-chip oscillator with a 
fixed frequency of 1 MHz. The maximum 
tolerance on this frequency is -50% and 
+100%. The 8-bit timer increments every 
2048 cycles of the on-chip oscillator. When a 
timer overflow occurs, the microcontroller is 


reset and a reset output pulse of 16 x 2048 
cycles of the on-chip oscillator is generated at 
pin RST. The internal RESET signal Is not 
inhibited when the external RST pin is kept 
low by, for example, an external reset circuit. 
The RESET signal drives port 1, 2. 3 into the 
high state and port 0 into the high impedance 
state. 

The watchdog timer is controlled by one 
special function register WDCON with the 
direct address location A5H. WDCON can be 
read and written by software. A value of A5H 
in WDCON halts the on-chip oscillator and 
clears both the prescaler and timer T3. After 
the RESET signal, WDCON contains A5H. 
Every value other than A5H in WDCON 
enables the watchdog timer. When the 
watchdog timer Is enabled, it runs 
independently of the XTAL-clock. 

Timer T3 can be read on the fly. Timer T3 can 
only be written if WDCON contains the value 
5AH. A successful write operation to T3 will 
clear the prescaler and WDCON, leaving the 
watchdog enabled and preventing inadvertent 
changes of T3. To prevent an overflow of the 
watchdog timer, the user program has to 
reload the watchdog timer within periods that 
are shorter than the programmed watchdog 
timer internal. This time Inten/al is determined 
by an 8-bit value that has to be loaded In 
register T3 while at the same time the 
prescaler is cleared by hardware. 

Watchdog timer interval = 

[256-(T3)l X 2048 
on-chip oscillator frequency 

BIT-LEVEL |2C INTERFACE 

This bit-level serial I/O Interface supports the 
l^C-bus. PI .6/SCL and PI .7/SDA are the 
serial I/O pins. These two pins meet the I^C 
specification concerning the input levels and 
output drive capability. Consequently, these 
pins have an open drain output configuration. 
All the four modes of the I^C-bus are 
supported: 

- master transmitter 

- master receiver 

- slave transmitter 

- slave receiver 

The advantages of the bit-level I^C hardware 
compared with a full software I^C 
implementation are: 

- the hardware can generate the SCL pulse 


- Testing a single bit (RBF respectively, 

WBF) Is sufficient as a check for error free 
transmission. 

The bit-level FC hardware operates on serial 

bit level and performs the following functions: 

- filtering the incoming serial data and clock 
signals 

- recognizing the START condition 

- generating a serial interrupt request SI after 
reception of a START condition and the 
first falling edge of the serial clock 

- recognizing the STOP condition 

- recognizing a serial clock pulse on the SCL 
line 

- latching a serial bit on the SDA line (SDI) 

- stretching the SCL LOW period of the 
serial clock to suspend the transfer of the 
next serial data bit 

- setting Read Bit Finished (RBF) when the 
SCL clock pulse has finished and Write Bit 
Finished (WBF) if there is no arbitration 
loss detected (i.e., SDA = 0 while SDO = 1) 

- setting a serial clock Low-to-High detected 
(CLH) flag 

- setting a Bus Busy (BB) flag on a START 
condition and clearing this flag on a STOP 
condition 

- releasing the SCL line and clearing the 
CLH, RBF and WBF flags to resume 
transfer of the next serial data bit 

- generating an automatic clock if the single 
bit data register SI BIT is used in master 
mode. 

The following functions must be done in 

software: 

- handling the PC START interrupts 

- converting serial to parallel data when 
receiving 

- converting parallel to serial data when 
transmitting 

- comparing the received slave address with 
its own 

- interpreting the acknowledge information 

- guarding the I^C status if RBF or WBF = O. 

Additionally, if acting as master: 

- generating START and STOP conditions 

- handling bus arbitration 

- generating serial clock pulses if SI BIT is 
not used. 

Three SFRs control the bit-level PC interface: 

SUNT, SIBITandSISCS. 
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OSCILLATOR 

CHARACTERISTICS 

XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol, 
page 642. 

To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

RESET 

A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-up, the voltage on Vcc and RST must 
come up at the same time for a proper 
start-up. 


IDLE MODE 

In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The Instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the Idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 

POWER-DOWN MODE 

In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
The power-down mode can be terminated by 
a RESET in the same way as in the 80C51 or 
in addition by one of two external interrupts, 
INTO or INTI . A termination with an external 
interrupt does not affect the internal data 
memory and does not affect the special 
function registers. This makes it possible to 
exit power-down without changing the port 
output levels. To terminate the power-down 
mode with an external interrupt INTO or TNTT 
must be switched to level-sensitive and must 
be enabled. The external interrupt input 


signal iNTdi and TNTT must be kept low until 
the oscillator has restarted and stabilized. An 
instruction following the instruction tfiat puts 
the device in the power-down mode will be 
executed. A reset generated by the watchdog 
timer terminates the power-down mode In the 
same way as an external RESET, and only 
the contents of the on-chip RAM are 
preserved. The control bits for the reduced 
power modes are in the special function 
register PCON. 

DESIGN CONSIDERATIONS 

At power-on, the voltage on Vcc and RST 
must come up at the same time for a proper 
start-up. 

When the idle mode is terminated by a 
hardware reset, the device normally resumes 
program execution, from where it left off, up 
to two machine cycles before the internal 
reset algorithm takes control. On-chip 
hardware inhibits access to internal RAM in 
this event, but access to the port pins is not 
inhibited. To eliminate the possibility of an 
unexpected write when idle is terminated by 
reset, the instruction following the one that 
invokes idle should not be one that writes to a 
port pin or to external memory. 

Table 2 shows the state of I/O ports during 
low current operating modes. 


Table 2. External Pin Status During Idle and Power-Down Modes 


MODE 

PROGRAM MEMORY 

ALE 

PSFN 

PORTO 

PORT1 

PORT 2 

PORTS 

Idle 

Internal 

1 

1 

Data 

Data 

Data 

Data 

Idle 

External 

1 

1 

Float 

Data 

Address 

Data 

Power-down 

Internal 

0 

0 

Data 

Data 

Data 

Data 

Power-down 

External 

0 

0 

Float 

Data 

Data 

Data 


ABSOLUTE MAXIMUM RATINGS^- 2 , 3 


PARAMETER 

RATING 

UNIT 

Operating temperature under bias 

0 to +70 or -40 to +85 


Storage temperature range 

-65 to +150 

°c 

Voltage on EA/Vpp pin to Vss 

Oto +13.0 

V 

Voltage on any other pin to Vss 

—0.5 to Vqq +0.5 

V 

Input, output current on any two pins 

±10 

mA 

Power dissipation 

(based on package heat transfer limitations, not device power consumption) 

1.0 

W 


NOTES: 


1 . Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


January 7, 1 993 


647 








Philips Semiconductors Microcontroller Products 


Product specification 


CMOS single-chip 8-bit microcontroller 87C524 


DC ELECTRICAL CHARACTERISTICS 

Tamb = 0°C to -»-70°C or -40°C to +85°C, Vcc = 5V ±10%. Vss = QV 




PART 

TEST 

LIMITS 


SYMBOL 

PARAMETER 

TYPE 

CONDITIONS 

MIN 

MAX 

UNIT 

V|L 

Input low voltage, 

0 to +70‘’C 


-0.5 

0.2VCC-0.1 

V 


except EA, P1.6/SCL, P1.7/SDA 

^0 to +85°C 


-0.5 

0.2Vcc-0-15 

V 

V|L1 

Input low voltage to EA 

0 to +70°C 


0 

0.2Vcc-0.3 

V 


-40 to -h85°C 


0 

0.2VCC-0.35 

V 

V|L2 

Input low voltage to PI .6/SCL, PI .TSDA® 



-0.5 

1.5 

V 

V,H 

Input high voltage. 

0 to +70°C 


0.2VCC+0.9 

Vcc+0.5 

mm 


except XTAL1, RST, PI. 6/SCL, P1.7/SDA 

— 40 to +85”C 


0.2VCC+1 

Vcc+0.5 


VlHI 

Input high voltage, XTAL1, RST 

0 to -»-70°C 


0.7Vcc 

Vcc+0.5 

V 



^0 to +85°C 


0.7VCC+0.1 

Vcc+0.5 

V 

V,H2 

Input high voltage, P1.6/SCL, Pl.T/SDA® 



3.0 

6.0 

V 

Vql 

Output low voltage, ports 1 , 2, 3, 
except PI .6/SCL, P1 .7/SDA 


loL = 1 .6mA^ 


0.45 

V 

Vqli 

Output low voltage, port 0, ALE, PSEN 


loL = 3.2mA^ 


0.45 

V 

VoL2 

Output low voltage, PI. 6/SCL, PI. 7/SDA 


Iql = 3.0mA^ 


0.4 

V 

Vqh 

Output high voltage, ports 1 , 2, 3^ 


loH = -60|jA 



V 




loH = -25pA 



V 




loH = -10pA 



V 

Vqhi 

Output high voltage, Port 0 in external bus mode. 


Iqh = — 800|iA 

2.4 




ALE, PSEN, RST 


Iqh = -^300pA 

0.75VCC 






Iqh = —80^ 

0.9Vcc 



1 

IlL 

Logical 0 input current, ports 1, 2, 3, 

0 to -i-70°C 

V|N = 0.45V 





except PI .6/SCL, PI .7SDA 

— 40 to -e85°C 





Itl 

Logical 1-to-O transition current, ports 1, 2, 3, 

0 to +70®C 

See Note 3 





except PI .6/SCL, P1 .7/SDA 

-40 to -i-85°C 





Ili 

Input leakage current, port 0 


V|N = V|L or V,H 


±10 


Il2 

Input leakage current, PI .6/SCL, P1 .7/SDA 


OV < Vi < 6V 
0V< Vcc < 5.5V 


±10 


■cc 

Power supply current: 


See Note 4 





Active mode @ 16MHz 

0 to -»-70°C 



25 

mA 



-40 to +85°C 



35 

mA 


Idle mode @ I6MH2 

0 to +70°C 



5 

mA 



— 40 to -f-85°C 



6 

mA 


Power down mode 




50 

pA 

Rrst 

Internal reset pull-down resistor 



50 

300 

kO 

Cio 

Pin capacitance 




10 

pF 


NOTES: 

1 . Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the Vqls of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-O transitions during bus operations. In the 
worst cases (capacitive loading > 100pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. Under steady state (non-transient) conditions, Iql must 
be externally limited as follows; 10mA per port pin. port 0 total (all bit s) 26m A. ports 1, 2, and total each (all bits) 15mA. 

2. Capacitive loading on ports 0 and 2 may cause the Vqh on ALE and PSEN to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 

3. Pins of ports 1 , 2 and 3 source a transition current when they are being externally driven from 1 to 0. The transition current reaches its 
maximum value when V|n is approximately 2V. 

4. See Figures 10 through 13 for Ice test conditions. 

5. The input threshold voltage of PI .6 and PI .7 (SI01 ) meets the I^C specification, so an input voltage below 1 .5V will be recognized as a 
logic 0 while an input voltage above 3.0V will be recognized as a logic 1. 
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AC ELECTRICAL CHARACTERISTICS 

Tamb = 0°C to +70°C or -40°C to +85°C, Vcc = 5V ±10%, Vss = OV^'^ 


SYMBOL 

FIGURE 

PARAMETER 

16 MHz CLOCK 

VARIABLE CLOCK 

UNIT 

MIN 

MAX 

MIN 

MAX 

1/tcLCL 

1 

Oscillator frequency: Speed Versions 
87C524 E 

87C524 G 



3.5 

3.5 

16 

20 

MHz 

MHz 

flHLL 

1 

ALE pulse width 

85 




ns 

Wll 

1 

Address valid to ALE low 

8 




ns 

tlLAX 

1 

Address hold after ALE low 

28 


IQES^^I 


ns 

tLLIV 

1 

ALE low to valid instruction in 


150 


4tcLCL“130 

ns 

tlLPL 

1 

ALE low to PSEN low 

23 




ns 

tpLPH 

1 

PSEN pulse width 

143 




ns 

tpLlV 

1 

PSEN low to valid instruction in 


83 



ns 

tpxix 

1 

Input instruction hold after PSEN 

0 


0 


ns 

tpxiz 

1 

Input instruction float after PSEN 


38 



ns 

WlV 

1 

Address to valid instruction in 


208 


StcLCL-IOS 

ns 

tpLAZ 

1 



10 


10 

ns 


fRLRH 

2,3 

RD pulse width 

275 


SfcLCL-lOO 


ns 

tWLWH 

2.3 

WR pulse width 

275 


6tcLCL~"IOO 


ns 

tRLDV 

2.3 

RU low to valid data in 




5tcLCL-165 


tRHDX 

2.3 

Data hold after RD 

0 


0 


ns 

tRHDZ 

2.3 

Data float after RD 


55 


2tcLCL-70 

ns 

tlLDV 

2.3 

ALE low to valid data In 


350 


8tcLCL~1 30 

ns 

Wdv 

2.3 

Address to valid data in 




9*clcl-163 

ns 

flLWL 

2,3 

ALE low to RD or WR low 

138 

238 

3tcLCL“50 

3tcLCL+30 

ns 

tAVWL 


Address valid to WR low or RD low 

120 


4tcLCL“'l30 


ns 

tQVWX 


Data valid to WR transition 

3 


tCLCL-60 


ns 

%HQX 

2.3 

Data hold after WR 

13 


fCLCL“50 


ns 

tRLAZ 

2.3 

RD low to address float 


0 


0 

ns 

tWHLH 

2.3 

RD or WR high to ALE high 

23 

103 

tCLCL^O 

tcLCL+40 

ns 

I External Clock | 

tCHCX 

6 

High time 

20 


20 


ns 

tCLCX 

6 

Low time 

20 


20 


ns 

tCLCH 

6 

Rise time 


20 


20 

ns 

tCHCL 

6 

Fall time 


20 


20 

ns 

I Shift Register | 

fXLXL 

4 

Serial port clock cycle time 

750 


12tcLCL 


ns 

tQVXH 

4 

Output data setup to clock rising edge 

492 




ns 

tXHQX 

4 

Output data hold after clock rising edge 

8 


2tcLCL-117 


ns 

tXHDX 

4 

Input data hold after clock rising edge 

0 


0 


ns 

tXHDV 

4 

Clock rising edge to input data valid 


492 


"1 0lCLCL~1 33 

ns 


NOTES: 


1 . Parameters are valid over operating te mperat ure range unless otherwise specified. 

2. Load capacitance for port 0, ALE, and PSEN = 100pF, load capacitance for all other outputs = 80pF. 
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AC ELECTRICAL CHARACTERISTICS - I^C INTERFACE 


SYMBOL 

PARAMETER 

INPUT 

OUTPUT 

|2C SPECIFICATION 

1 SCL Timing Characteristics | 

tno; STA 

START condition hold time 

^ 14 tcLCL^ 

Note 2 

> 4.0|4.s 

kow 

SCL LOW time 

^ 16 tcLCL 

Note 2 

> 4.7p.s 

tHIGH 

SCL HIGH time 

^ 14 tcLCL^ 

> 80 tcLCL^ 

> 4.0|is 

tRC 

SCL rise time 

< 1|J.S^ 

Note 5 

5 1 .Ops 

tpc 

SCL fall time 

5 0.3ps^ 

< 0.3ps ® 

< 0.3ps 

SDA Timing Characteristics | 

tsu: DAT 

Data set-up time 

> 250ns 

Note 2 

> 250ns 

tHo; DAT 

Data hold time 

> 0ns 

Note 2 

> 0ns 

tsu; STA 

Repeated START set-up time 

^ 14 tcLCL^ 

Note 2 

> 4.7ps 

tsu; STO 

STOP condition set-up time 

^ 14 tcLCL^ 

Note 2 

> 4.0ps 

teuF 

Bus free time 

^ 14 tcLCL^ 

Note 2 

> 4.7ps 

tRD 

SDA rise time 

< Ips"^ 

Note 5 

< 1 .Ops 

tpD 

SDA fall time 

< O.Sps"^ 

< 0.3ps ® 

< 0.3ps 


NOTES: 

1 . At fcLK = 3.5MHz, this evaluates to 14 x 286ns = 4)j,s, i.e., the bit-level I^C interface can respond to the I^C protocol for fcLK ^ 3.5MHz. 

2. This parameter is determined by the user software, it has to comply with the I^C specification. 

3. This value gives the autoclock pulse length which meets the I^C specification for the specified XTAL clock frequency range. Alternatively, the 
SCL pulse may be timed by software. 

4. Spikes on SDA and SCL lines with a duration of less than 4 x fcLK will be filtered out. 

5. The rise time is determined by the external bus line capacitance and pull-up resistor, it must be < Ips. 

6. The maximum capacitance on bus lines SDA and SCL is 400pF. 
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EXPLANATION OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
first character is always ‘t’ (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 

A - Address 
C - Clock 
D - Input data 
H - Logic level high 

I - Instruction (program memory contents) 

L - Logic level low, or ALE 
P - PSEN 


Q- Output data 
R - RU signal 
t - Time 
V - Valid 
W- WR signal 

X - No longer a valid logic level 
Z - Float 

Examples; tAVLL = Time for address valid 
to ALE low. 

tiLPL = Time for ALE low to 
PSEN low. 
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Vec 

RST 

PO 


BC 

XTAL2 

P1.6 

XTAL1 

PI .7 

Vss 



(NO- 
CLOCK SIGNAL- 




RST 

Vec 

EA 

PO 

XTAL2 

P1.6 

XTAL1 

Pi. 7 

Vss 



Figure 11. Ice Test Condition, Idle Mode 
All other pins are disconnected 



Figure 12. Clock Signal Waveform for 
Icc Tests in Active and Idle Modes 
tCLCH = tcHCL = 5ns 


RST 

vcc 

EA 

PO 

XTAL2 

P1.6 

XTAL1 

P1.7 

Vss 



Figure 13. Iqc Test Condition, Power Down Mode 
Ail other pins are disconnected. Vec = 2V to 5.5V 


* Ports 1 .6 and 1 .7 should be connected to Vec through resistors of sufficiently high value such that the sink current into these pins does not 
exceed the Iqli specification. 
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EPROM CHARACTERISTICS 

The 87C524 Is programmed by using a 
modified Quick-Pulse Programming™ 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALE/PRog pulses. 

The 87C524 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C524 manufactured by Philips. 

Table 3 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 14 and 15. Figure 16 shows 
the circuit configuration for normal program 
memory verification. 

Quick-Pulse Programming 

The setup for microcontroller quick-pulse 
programming is shown in Figure 14. Note that 
the 87C524 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 

The address of the EPROM location to be 
programmed is applied to ports 1 , 2 and 3, as 
shown in Figure 14. The code byte to be 
programmed into that location is applied to 
port 0. RST, PSEN and pins of ports 2 and 3 
specified in Table 3 are held at the ‘Program 
Code Data’ levels indicated In Table 3. The 
ALE/PROG is pulsed low 25 times as shown 
in Figure 15. 

To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 3FH. using the ‘Pgm 


Encryption Table* levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 

To program the lock bits, repeat the 25 pulse 
programming sequence using the ‘Pgm Lock 
Bit’ levels. After one lock bit is programmed, 
further programming of the code memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 

Note that the ETWpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 

Program Verification 

If lock bit 2 has not been programmed, the 
on-chip program memory can be read out for 
program verification. The address of the 
program memory locations to be read is 
applied to ports 1 , 2 and 3 as shown in 
Figure 1 6. The other pins are held at the 
‘Verify Code Data’ levels indicated in Table 3. 
The contents of the address location will be 
emitted on port 0. External pull-ups are 
required on port 0 for this operation. 

If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table Itself cannot be read out. 

Program Lock Bits 

The 87C524 has 3 programmable lock bits 
that will provide different levels of protection 
for the on-chip code and data. (See Table 4.) 


Erasing the EPROM also erases the 
encryption array and the program lock bits, 
returning the part to full functionality. 

Reading the Signature Bytes 

The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are; 

(030H) = 15H indicates manufactured by 
Philips 

(031 H) = 9DH indicates 87C524 

Program/Verify Algorithms 

Any algorithm in agreement with the 
conditions listed in Table 3, and which 
satisfies the timing specifications, is suitable. 

Erasure Characteristics 

Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, it 
is recommended that an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/cm2. Exposing the EPROM to an 
ultraviolet lamp of 12,000uW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 

Erasure leaves the array in an all 1 s state. 


^Trademark phrase of Intel Corporation. 
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Table 3. EPROM Progamming Modes 


MODE 

RST 

PSEN 

ALE/PRTO 

EAA^pp 

P2.7 

P2.6 

P3.7 

P3.6 

Read signature 

1 

0 

1 

1 

0 

0 

0 

0 

Program code data 

1 

0 

0* 

Vpp 

1 

0 

1 

1 

Verify code data 

1 

0 

1 

. 1 

0 

0 

1 

1 

Pgm encryption table 

1 

0 

0* 

Vpp 

1 

0 

1 

0 

Pgm lock bit 1 

1 

0 

0* 

Vpp 

1 

1 

1 

1 

Pgm lock bit 2 

1 

0 

0* 

Vpp 

1 

1 

0 

0 

Pgm lock bit 3 

1 

0 

0* 

Vpp 

0 

1 

0 

1 


NOTES: 

1 . ‘0’ = Valid low for that pin, ‘1 ’ = valid high for that pin. 

2. Vpp = 12.75V ±0.25V. 

3- Vcc = 5V±10% during programming and verification. 

* ALE/PROG receives 25 programming pulses while Vpp is held at 1 2.75V. Each programming pulse is low for lOOp^s (±10]is) and high for a 
minimum of 10p.s. 


Table 4. 


PROGRAM LOCK BITS^-^ 

PROTECTION DESCRIPTION 


LB1 

LB2 

LB3 

1 

U 

U 

U 

No Program Lock features enabled. (Code verify will still be encrypted by the Encryption Array if 
programmed.) 

2 

P 

U 

U 

Move instructions executed from external program memory are disabled from fetching code bytes 
from internal memory, EA is sampled and latched on Reset, and further programming of the EPROM 
is disabled. 

3 

P 

P 

u 

Same as 2, also verify is disabled. 

4 

P 

P 

p 

Same as 3, external execution is disabled. Internal data RAM is not accessable. 


NOTES: 

1 . P - programmed. U - unprogrammed. 

2. Any other combination of the lock bits is not defined. 
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Vcc 

Pi 


RST 

Esyvpp 

P3.6 

ALE/PROG 

P3.7 

87C524 P5ER 

XTAL2 

P2.7 


PZ6 

XTALl 

PZ0-PZ5 

Vss 

P3.4 


+12.75V 

25 lOOjja PULSES TO GROUND 


Figure 14. Programming Configuration 


“]_n 


Figure 15. FROG Waveform 
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PARAMETER 


EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 

Tamb = 21 °c to +27°0, ^cc = 5V±10%, Vss = ov (See Figure 17) 


SYMBOL 


Vpp Programming supply voltage 

Ipp Programming supply current 

1/fcLCL Oscillator frequency 


Address setup to PROG low 
Address hold after PROG 


^DVGL Data setup to PROG low 


tGHDX Data hold after PROG 

fEHSH P2.7 (ENABLE) high to Vpp 

^SHGL Vpp setup to PRoG low 

tQpsL Vpp hold after PROG 

Iglgh PROG width 

Wqv Address to data valid 

Ielqz enable low to data valid 

tEHQZ Data float after ENABLE 

tGHGL PROG high to PROG low 




*FOR PROGRAMMING VERIFICATION SEE FIGURE 14. I 

FOR VERIFICATION CONDITIONS SEE FIGURE 16. 

Figure 17. EPROM Programming and Verification 


I 

I 



Purchase of Philips’ I^C components conveys a license under the 

Philips’ i^c patent to use the components in the i^C-system 

provided the system conforms to the I^C specifications defined by Philips. 
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DESCRIPTION 

The 8XC528 single-chip 8-bit microcontroller 
is manufactured in an advanced CMOS 
process and is a derivative of the 80C51 
microcontroller family. The 8XC528 has the 
same instruction set as the 80C51 . Three 
versions of the derivative exist: 

• 83C528 — 32k bytes mask programmable 
ROM 

• 80C528 — ROMIess version of the 83C528 

• 87C528 — 32k bytes EPROM (described 
in a separate chapter) 

This device provides architectural 
enhancements that make It applicable in a 
variety of applications in consumer, telecom 
and general control systems, especially In 
those systems which need large ROM and 
RAM capacity on-chip. 

The 8XC528 contains a 32k X 8 ROM 
(83C528), a 512 X 8 RAM, four 8-bit I/O 
ports, two 16-bit timer/event counters 
(identical to the timers of the 80C51), a 16-bit 
timer (identical to the timer 2 of the 80C52), a 
watchdog timer with a separate oscillator, a 
multi-source, two-priority-level, nested 
interrupt structure, two serial interfaces 
(UART and I^C-bus), and on-chip oscillator 
and timing circuits. 

In addition, the 8XC528 has two software 
selectable modes of power reduction — idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial port, and interrupt system to 
continue functioning. The pxjwer-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be inoperative. 



FEATURES 

• 80C51 Instruction set 

- 32kX8ROM(83C528) 

- ROMIess (80C528) 

- 512X8 RAM 

- Memory addressing capability 
64k ROM and 64k RAM 

- Three 16-blt counter/timers 

- On-chip watchdog timer with oscillator 

- Full duplex UART 

- I^C serial interface 

- Four 8-bit I/O ports 

• Power control modes: 

- Idle mode 

- Power-down mode 

- Warm start from power-down 

• CMOS and TTL compatible 

• Extended temperature ranges 

• ROM code protection 

• 7-source and 7-vector interrupt structure 
with 2 priority levels 

• Up to 3 external interrupt request inputs 

• Two programmable power reduction modes 
(Idle and Power-down) 

• Termination of Idle mode by any interrupt, 
external or WDT (watchdog) reset 

• XTAL frequency range: 1 .2 MHz to 16 MHz 


PIN CONFIGURATIONS 


T2/P1.0 [T 



T2EX/P1.1 |y 



P1.2 |T 


U 

Pl.3 |T 



P1.4 |T 



Pl.5 |T 



SCUP1.6 |y 



SDA/P1.7 [T 



RST |T 



RxD/P3.o[^ 

DUAL 

13 


IN-UNE 


TxD/P3.1 [lT 

PACKAGE 


INTn/P3.2 [l2 



IfrrT/P3.3 [l3 



TO/P3.4 [14 



T1/P3.5 


13 

WR/P3.6 


13 

TI0/P3.7 


El 

XTAL2 



XTAL1 [m 



VsslM 




VdD 

PO.O/ADO 

P0.1/AD1 

P0.2/AD2 

PO.S/ADS 

P0.4/AD4 

P0.5/AD5 

P0.6/AD6 

P0.7/AD7 

EA 

ALE 

P5ER 

P2.7/A15 

P2.6/A14 

P2.5/A13 

P2.4/A12 

P2.3/A11 

P2.2/A10 

P2.1/A9 

P2.0/A8 


6 1 40 



44 34 
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ORDERING INFORMATION 


PHIUPS 

PART ORDER NUMBER 

PART MARKING 

PHILIPS NORTH AMERICA 
PART ORDER 

NUMBER 


TEMPERATURE “C RANGE 

AND PACKAGE 

FREQ 

MHz 

ROMIess 

ROM 

ROMIess 

ROM 

Drawing 

Number 

P80C528FBP 

P83C528FBP/XXX 


P83C528FBP N 


0 to +70, Plastic Dual In-line Package 

16 








P80C528FBA 

P83C528FBA/XXX 


P83C528FBA A 


0 to +70, Plastic Leaded Chip Carrier 

16 








P80C528FBB 

P83C528FBB/XXX 


P83C528FBB B 


0 to +70, Plastic Quad Flat Pack 

16 


P83C528FFP/XXX 

P80C528FFP N 

P83C528FFP N 

SOT129 

^0 to +85, Plastic Dual In-line Package 

16 









P83C528FFA/XXX 

P80C528FFA A 

P83C528FFAA 

SOT187 

-40 to +85, Plastic Leaded Chip Carrier 

16 








P80C528FFB 


P80C528FFB B 

P83C528FFB B 

ESSSDIi 

-40 to +85, Plastic Quad Flat Pack 

16 

P80C528FHP 


P80C528FHP N 

P83C528FHP N 


-40 to +125, Plastic Dual In-line Package 

16 

P80C528FHA 


P80C528FHA A 

P83C528FHAA 


-40 to +125, Plastic Leaded Chip Carrier 

16 

P80C528FHB 

P83C528FHB/XXX 

P80C528FHB B 

P83C528FHB B 


-40 to +125, Plastic Quad Flat Pack 

16 

HHHH 














ilHHHi 





HHliHHHIHHHHIii 

m 








mu 



bhhh 

miiiiiB 


mu 

bh 






■ 

HHHIi 




BHH! 

llll^_lllll[ll 










NOTE: 

1 . XXX denotes the ROM code number. 
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EPROM 

Drawing 

Number 

TEMPERATURE »C RANGE 

AND PACKAGE 

FREQ 

MHz 

P87C528EBP N 

041 5C 

0 to -♦-70, Plastic Dual In-line Package 

16 

P87C528EBF FA 

0590B 

0 to -t-70, Ceramic Dual In-line Package 
w/Window 

16 

P87C528EBA AA 

0403G 

0 to -♦-70, Plastic Leaded Chip Carrier 

16 

P87C528EBL KA 

1472A 

0 to -^-70. Ceramic Leaded Chip Carrier 
w/Window 

16 

P87C528EBB B 

SOT311 

0 to 4-70, Plastic Quad Flat Pack 

16 

P87C528EFP N 

041 5C 

-40 to -♦-BS, Plastic Dual In-line Package 

16 

P87C528EFF FA 

0590B 

-40 to 4^85, Ceramic Dual In-line Package 
w/Window 

16 

P87C528EFF FA 

0403G 

-40 to 4-85, Plastic Leaded Chip Carrier 

16 

P87C528EFL KA 

1472A 

-40 to 4^85, Ceramic Leaded Chip Carrier 
w/Window 

16 

P87C528EFB B 

SOT311 

-40 to 4-85, Plastic Quad Flat Pack 

16 













P87C528GBP N 

041 5C 

0 to 4^70, Plastic Dual In-line Package 

20 

P87C528GBF FA 

0590B 

0 to +70, Ceramic Dual In-line Package 
w/Window 

20 

P87C528GBAA 

0403G 

0 to +70, Plastic Leaded Chip Carrier 

20 

P87C528GBL KA 

1472A 

0 to +70, Ceramic Leaded Chip Carrier 
w/Window 

20 

P87C52GFP N 

041 5C 

-40 to +85, Plastic Dual In-line Package 

20 

P87C52GFF FA 

0590B 

0 to +70, Ceramic Dual In-line Package 
w/Window 

20 

P87C52GFA A 

0403G 

0 to +70, Plastic Leaded Chip Carrier 

20 

P87C52GFL KA 

1472A 

0 to +70, Ceramic Leaded Chip Carrier 
w/Window 

20 


'k 
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CERAMIC AND PLASTIC LEADED 
CHIP CARRIER PIN FUNCTIONS 





1 

40 



7i: 

A 

O 

_n 

□ 39 




PLCC 




17 □ 




ZI 29 



u 


U 




18 


28 


Pin 

Function 


Pin 

Function 

1 

NC 


23 

NC 

2 

P1.0/T2 


24 

P2.0/A8 

3 

P1.1/T2EX 


25 

P2.1/A9 

4 

PI. 2 


26 

P2.2/A10 

5 

PI. 3 


27 

P2.3/A11 

6 

PI. 4 


28 

P2.4/A12 

7 

P1.5 


29 

P2.5/A13 

8 

P1.6/SCL 


30 

P2.6/A14 

9 

P1.7/SDA 


31 

P2.7/A15 

10 

RST 


32 

P5ER 

11 

P3.0/RXD 


33 

ALE 

12 

NC 


34 

NC 

13 

P3.1/TxD 


35 

Eff 

14 

P3.2/INT0 


36 

P0.7/AD7 

15 

P3.3/1NTT 


37 

P0.6/AD6 

16 

P3.4/T0 


38 

P0.5/AD5 

17 

P3.5Ari 


39 

P0.4/AD4 

18 

P3.6A('m 


40 

P0.3/AD3 

19 

P3.7/RD 


41 

P0.2/AD2 

20 

XTAL2 


42 

P0.1/AD1 

21 

XTAL1 


43 

PO.O/ADO 

22 

vss 


44 

Vdd 


PLASTIC QUAD FLAT PACK 
PIN FUNCTIONS 


44 34 



Pin 

Function 

Pin 

Function 

1 

P1.5 

23 

P2.5/A13 

2 

P1.6/SCL 

24 

P2.6/A14 

3 

P1.7/SDA 

25 

P2.7/A15 

4 

RST 

26 

P5DT 

5 

PO.CVRxD 

27 

ALE 

6 

NC 

28 

NC 

7 

P3.1/TxD 

29 

EA 

8 

P3.2AfTn3 

30 

P0.7/AD7 

9 

P3.3/TNTT 

31 

P0.6/AD6 

10 

P3.4n'0 

32 

P0.5/AD5 

11 

P3.5m 

33 

P0.4/AD4 

12 

P3.6A/7R 

34 

P0.3/AD3 

13 

P3.7HD 

35 

P0.2/AD2 

14 

XTAL2 

36 

P0.1/AD1 

15 

XTAL1 

37 

PO.O/ADO 

16 

Vss 

38 

Vdd 

17 

NC 

39 

NC 

18 

P2.0/A8 

40 

P1.0/T2 

19 

P2.1/A9 

41 

P1.1/T2EX 

20 

P2.2/A10 

42 

P1.2 

21 

P2.3/A11 

43 

P1.3 

22 

P2.4/A12 

44 

P1.4 


LOGIC SYMBOL 
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PIN DESCRIPTION 




PIN NO. 




MNEMONIC 

DIP 

LCC 

QFP 

TYPE 

NAME AND FUNCTION 

Vss 

20 

22 

16 

1 

Ground: circuit ground potential. 

Vdd 

40 

44 

38 

1 

Power Supply: +5V power supply pin during normal operation, Idle mode and Power-down 
mode. 

PO.0-0.7 

39-32 

43-36 

37-30 

I/O 

Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have Is written to them 
float and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order 
address and data bus during accesses to external program and data memory. In this 
application, it uses strong internal pull-ups when emitting 1 s. 

P1.0-P1.7 


2-9 

40-^4 

1-3 

I/O 

Port 1 : Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. except PI .6 and P 1 .7 
which have open drain. Port 1 pins that have Is written to them are pulled high by the 
internal pull-ups and can be used as inputs. As Inputs, port 1 pins that are externally pulled 
low will source current because of the internal pull-ups. (See DC Electrical Characteristics; 

Iil). Port 1 can sink/source one TTL (4 LSTTL) inputs. 


1 

2 

40 

1 

T2 (P1.0): Timer/counter 2 external count input (following edge triggered). 


2 

3 

41 

1 

T2EX (P1.1): Timer/counter 2 trigger input. 


7 

8 

2 

I/O 

SCL (P1.6): I^C serial port clock line. 


8 

9 

3 

I/O 

SDA (P1.7): I^C serial port data line. 

P2.0-P2.7 

21-28 

24-31 

18-25 

I/O 

Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have Is 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: I|l). Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data memory 
that use 16-bit addresses (MOVX (§>DPTR). In this application, it uses strong internal 
pull-ups when emitting 1 s. During accesses to external data memory that use 8-bit 
addresses (MOV (§>RI). port 2 emits the contents of the P2 spedal function register. 

P3.0-P3.7 

10-17 

11. 

13-19 

5, 

7-13 

I/O 

Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have Is 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are externally being pulled low will source current because of the pull-ups. 

(See DC Electrical Characteristics: I|l). Port 3 also serves the special features of the 

SC80C51 family, as listed below: 


10 

11 

5 

1 

RxD (P3.0): Serial input port 


11 

13 

7 

o 

TxD (P3.1): Serial output port 


12 

14 

8 

1 

INTO (P3.2): External interrupt 


13 

15 

9 

1 

INTi (P3.3): External Interrupt 


14 

16 

10 

1 

TO (P3.4): Timer 0 external input 


15 

17 

11 

1 

T1 (P3.5): Timer 1 external input 


16 

18 

12 

o 

WR (P3.6): External data memory write strobe 


17 

19 

13 

o 

RD (P3-7): External data memory read strobe 

RST 

9 

10 

4 

I/O 

Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vdd- After a watchdog timer overflow, this pin is pulled high while the Internal 
reset signal is active. 

ALE 

30 

33 

27 

I/O 

Address Latch Enable: Output pulse for latching the low byte of the address during an 
access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6 the 
oscillator frequency, and can be used for external timing or clocking. Note that one ALE 
pulse is skipped during each access to external data memory. 

PSEN 

29 

32 

26 

o 

Program Store Enable: The read strobe to external program memory. When the device is 
executing code from the external program memory, PSeN is activated twice each machine 
cycle, except that two PSEN activations are skipped during each access to external data 
memory. PSEN is not activated during fetches from internal program memory. 

EA 

31 

35 

29 

' 

External Access Enable: EA must be externally held low during RESET to enable the 
device to fetch code from external program memory locations OOOOH to 7FFFH. If EA is held 
high during RESET, the device executes from internal program memory unless the program 
counter contains an address greater than 7FFFH. EA is don’t care after RESET. 

XTAL1 

19 

21 

15 

1 

Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 

XTAL2 

18 

20 

14 

o 

Crystal 2: Output from the inverting oscillator amplifier. 
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Table 1. Internal and External Program Memory Access with Security Bit Set 


INSTRUCTION 

ACCESS TO INTERNAL 

PROGRAM MEMORY 

ACCESS TO EXTERNAL 
PROGRAM MEMORY 

MOVC in internal program memory 

YES 

YES 

MOVC in external program memory 

NO 

YES 


ROM CODE PROTECTION 

By setting a mask programmable security bit, 
the ROM content in the 83C528 is protected, 
i,e., it cannot be read out by any test mode or 
by any instruction in the external program 
memory space. The MOVC instructions are 
the only ones which have access to program 
code in the internal or external program 
memory. The "ES input is latched during 
RESET and is ‘don’t care’ after RESET (also 
if security bit is not set). This implementation 
prevents reading from internal program code 
by switching from external program memory 
to internal program memory during MOVC 
instruction or an instruction that handles 
immediate data. Table 1 lists the access to 
the internal and external program memory by 
the MOVC instructions when the security bit 
has been set to logical one. If the security bit 
has been set to a logical 0 there are no 
restrictions for the MOVC instructions. 

INTERNAL DATA MEMORY 

The internal data memory is divided into three 
physically separated segments; 256 bytes of 
RAM. 256 bytes of AUX-RAM, and a 1 28 
bytes special function area. These can be 
addressed each in a different way. 

- RAM 0 to 1 27 can be addressed directly 
and indirectly as in the 80C51 . Address 
pointers are RO and R1 of the selected 
register bank. 

- RAM 128 to 255 can only be addressed 
indirectly as in the 80C51 . Address 
pointers are RO and R1 of the selected 
register bank. 

- AUX-RAM 0 to 255 is indirectly addressed 
in the same way as external data memory 
with the MOVX instructions. Address 
pointers are RO, R1 of the selected register 
bank and DPTR. An access to AUX-RAM 0 
to 255 will not affect ports PO, P2, P3.6 and 
P3.7. 

An access to external data memory locations 
higher than 255 will be performed with the 
MOVX DPTR instructions in the same way as 
in the 8051 structure, so with PO and P2 as 
data/address bus and P3.6 and P3.7 as write 
and read timing signals. Note that these 
external data memory cannot be accessed 
with RO and R1 as address pointer. 


TIMER 2 

Timer 2 is functionally equal to the Timer 2 of 
the 8052AH. Timer 2 is a 16-bit timer/counter. 
These 16 bits are formed by two special 
function registers TL2 and TH2. Another pair 
of special function register RCAP2L and 
RCAP2H form a 16-bit capture register or a 
1 6-bit reload register. Like Timer 0 and 1 , it 
can operate either as a timer or as an event 
counter. This is selected by bit C/T2N in the 
special function register T2CON. It has three 
operating modes; capture, autoload, and 
baud rate generator mode which are selected 
by bits in T2CON. 

WATCHDOG TIMER T3 

The watchdog timer consists of an 11 -bit 
prescaler and an 8-bit timer formed by special 
function register T3. The prescaler is 
incremented by an on-chip oscillator with a 
fixed frequency of 1MHz. The maximum 
tolerance on this frequency is -50% and 
+100%. The 8-bit timer increments every 
2048 cycles of the on-chip oscillator. When a 
timer overflow occurs, the microcontroller is 
reset and a reset output pulse of 16 x 2048 
cycles of the on-chip oscillator is generated at 
pin RST The internal RESET signal is not 
inhibited when the external RST pin is kept 
low by, for example, an external reset circuit. 
The RESET signal drives port 1,2,3 into the 
high state and port 0 into the high impedance 
state. 

The watchdog timer is controlled by one 
special function register WDCON with the 
direct address location ASH. WDCON can be 
read and written by software. A value of ASH 
in WDCON halts the on-chip oscillator and 
clears both the prescaler and timer T3. After 
the RESET signal, WDCON contains ASH. 
Every value other than ASH in WDCON 
enables the watchdog timer. When the 
watchdog timer is enabled, it runs 
independently of the XTAL-clock. 

Timer T3 can be read on the fly. Timer T3 
can only be written if WDCON contains the 
value 5AH. A successful write operation to 
T3 will clear the prescaler and WDCON, 
leaving the watchdog enabled and preventing 
inadvertent changes of T3. To prevent an 
overflow of the watchdog timer, the user 


program has to reload the watchdog timer 
within periods that are shorter than the 
programmed watchdog timer internal. This 
time interval is determined by an 8-bit value 
that has to be loaded in register T3 while at 
the same time the prescaler is cleared by 
hardware. 

Watchdog timer interval = 

[256 -(T3)] X 2048 
on-chip oscillator frequency 

BIT-LEVEL |2C INTERFACE 

This bit-level serial I/O interface supports the 
|2C-bus. PI .6/SCL and PI .7/SDA are the 
serial I/O pins. These two pins meet the I^C 
specification concerning the input levels and 
output drive capability. Consequently, these 
pins have an open drain output configuration. 
All the four modes of the I^C-bus are 
supported; 

- master transmitter 

- master receiver 

- slave transmitter 

- slave receiver 

The advantages of the bit-level I^C hardware 
compared with a full software I^C 
implementation are; 

- the hardware can generate the SCL pulse 

- Testing a single bit (RBF respectively, 

WBF) is sufficient as a check for error free 
transmission. 

The bit-level I^C hardware operates on serial 
bit level and performs the following functions; 

- filtering the incoming serial data and clock 
signals 

- recognizing the START condition 

- generating a serial interrupt request SI after 
reception of a START condition and the 
first falling edge of the serial clock 

- recognizing the STOP condition 

- recognizing a serial clock pulse on the SCL 
line 

- latching a serial bit on the SDA line (SDI) 

- stretching the SCL LOW period of the 
serial clock to suspend the transfer of the 
next serial data bit 

- setting Read Bit Finished (RBF) when the 
SCL clock pulse has finished and Write Bit 
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Finished (WBF) if there is no arbitration 
loss detected (i.e., SDA = 0 while SDO = 1 ) 

- setting a serial clock Low-to-High detected 
(CLH) flag 

- setting a Bus Busy (BB) flag on a START 
condition and clearing this flag on a STOP 
condition 

- releasing the SCL line and clearing the 
CLH, RBF and WBF flags to resume 
transfer of the next serial data bit 

- generating an automatic clock if the single 
bit data register S1 BIT is used in master 
mode. 

The following functions must be done in 
software: 

- handling the I^C START interrupts 

- converting serial to parallel data when 
receiving 

- converting parallel to serial data when 
transmitting 

- comparing the received slave address with 
its own 

- interpreting the acknowledge information 

- guarding the I^C status if RBF or WBF = 0. 

Additionally, if acting as master: 

- generating START and STOP conditions 

- handling bus arbitration 

- generating serial clock pulses if S1BIT is 
not used. 

Three SFRs control the bit-level I^C interface: 
S1INT,S1BITandS1SCS. 

OSCILLATOR 

CHARACTERISTICS 

XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol. 

To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 


is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

RESET 

A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the osdilator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-up, the voltage on Vqd and RST must 
come up at the same time for a proper 
start-up. 


IDLE MODE 

In Idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The Idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN MODE 

In the power-down mode, the osdilator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
The power-down mode can be terminated by 


a RESET in the same way as in the 80C51 or 
In addition by one of two external interrupts, 
INTO or INT1 . A termination with an external 
interrupt does not affect the internal data 
memory and does not affect the special 
function registers. This makes it possible to 
exit power-down without changing the port 
output levels. To terminate the power-down 
mode with an external interrupt INTO or INTI 
must be switched to level -sensitive and must 
be enabled. The external interrupt input 
signal INTO and INTI must be kept low until 
the oscillator has restarted and stabilized. An 
instruction following the instruction that puts 
the device in the power-down mode will be 
executed. A reset generated by the watchdog 
timer terminates the power-down mode in the 
same way as an external RESET, and only 
the contents of the on-chip RAM are 
preserved. The control bits for the reduced 
power modes are in the special function 
register PCON. 


DESIGN CONSIDERATIONS 

At power-on, the voltage on Vdd and RST 
must come up at the same time for a proper 
start-up. 

When the idle mode is terminated by a 
hardware reset, the device normally resumes 
program execution, from where it left off, up 
to two machine cycles before the internal 
reset algorithm takes control. On-chip 
hardware inhibits access to internal RAM in 
this event, but access to the port pins is not 
inhibited. To eliminate the possibility of an 
unexpected write when idle is terminated by 
reset, the instruction following the one that 
invokes idle should not be one that writes to a 
port pin or to external memory. 

Table 2 shows the state of I/O ports during 
low current operating modes. 


Table 2. External Pin Status During idie and Power-Down Modes 


MODE 

PROGRAM MEMORY 

ALE 

PSEN 

PORTO 

PORT1 

PORT 2 

PORTS 

Idle 

Internal 

1 

1 

Data 

Data 

Data 

Data 

Idle 

External 

1 

1 

Float 

Data 


Data 

Power-down 

Internal 

0 

0 

Data 

Data 

Data 

Data 

Power-down 

External 

0 

0 

Float 

Data 

Data 

Data 
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ABSOLUTE MAXIMUM RATINGS' 2. 3 


PARAMETER 

RATING 

UNIT 

Operating temperature under bias 

0 to +70, or 
-40 to +85, or 
-40 to +125 

D 

Storage temperature range 

-65 to +150 

°c 

Voltage on any other pin to Vss 

-0.5 to Vdd +0-5 

V 

Input, output current on any two pins 

±10 


Power dissipation 

(based on package heat transfer limitations, not device power consumption) 

1.0 



NOTES: 


1 . Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of Its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless othenvise 
noted. 


DC ELECTRICAL CHARACTERISTICS 

Tamb = 0°C to +70^C (Vdd = 5V ±20%). to +85°C (Vqd = 5V ±20%). or -^0°C to +^25°C (Vdd = 5V ±1 0%), Vss=0V 





TEST 

LIMITS 


SYMBOL 

PARAMETER 

PART TYPE 

CONDITIONS 

MIN 

MAX 

UNIT 

V,L 

Input low voltage, 

O^'C to 70°C 


-0.5 

0.2Vdd-O.1 

V 


except EA, PI .6/SCL, PI .7/SDA 

^O'^C to +85®C 


-0.5 

0.2Vdd-0.15 

V 



^0"’C to +125"^C 


-0.5 

0.2Vdd-0.25 

V 

V,L1 

Input low voltage to EA 

O^C to 70°C 


-0.5 

0.2Vdd-0-3 

V 



-40°C to +85°C 


-0.5 

0.2Vdd-O.35 

V 



-40''C to +125°C 


-0.5 

0.2Vdd-0.45 

V 

VlL2 

Input low voltage to PI .6/SCL, PI .7/SDA^ 



-0.5 

0.3Vdd 

m 

VlH 

Input high voltage. 

0°C to 70°C 


0.2Vdd+0.9 

Vdd+0.5 

V 


except XTAL1 , RST PI. 6/SCL, PI .7/SDA 

-40°C to +85°C 


0.2Vdd+1-0 

Vdd+3-5 

V 



-40°C to +125°C 


0.2Vdd+10 

Vdd+0.5 

V 

VlH1 

Input high voltage. XTAL1 , RST 

0°C to 70''C 


0.7Vdd 

Vdd+0.5 




-40°C to +85^C 


0.7Vdd+0.1 

Vdd+0.5 




-40°C to +125°C 


0.7Vdd+0.1 

Vdd+0.5 


V|H2 

Input high voltage, PI. 6/SCL, P1.7/SDA3 



0.7Vdd 


V 

VoL 

Output low voltage, ports 1 . 2, 3, except 

P1.6/SCL. P1.7/SDA1 


loL = 1 .6mA^ 


0.45 

■ 

VoLI 

Output low voltage, port 0, ALE, PSEN^ 


Iql = 3.2mA^ 


0.45 

■■ 

V0L2 

Output low voltage, PI. 6/SCL, PI. 7/SDA 


Iql = S.OmA"*^ 


0.4 

■1 

VoH 

Output high voltage, ports 1,2,3 


Vdd = 5V±10%, 







Iqh = -50tiA 

2.4 


V 




Iqh = --25jiA 

0.75Vdd 


V 




Iqh = -1 O^A 

0.9Vdd 


V 

VoH1 

Output high voltage. Port 0 in external bus mode, 
ALE. PEER. RS-F 


Vdd = 5V ±10%, 
Iqh — — 800p,A 

Iqh — — SOOjiA 

2.4 

0.75Vdd 


V 





V 




Iqh = -80nA 

0.9Vdd 


V 
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DC ELECTRICAL CHARACTERISTICS (Continued) 

Tamb = to +70°C (Vqd = 5V ±20%). to -h85°C (Vqd = 5V ±20%), or -40'"C to +125^C (Vdd = 5V ±10%), Vss=0V 





TEST 

LIMITS 

j 


SYMBOL 

PARAMETER 

PART TYPE 

CONDITIONS 

MIN 

MAX 

UNIT 

IlL 

Logical 0 input current, ports 1 , 2, 3, 

0®C to 70°C 

V|N = 0.45V 


-50 

hA 


except PI .6/SCL, PI .7/SDA 

^0®C to -r85"^C 



-75 

mA 



-40°C to +125''C 



-75 

iiA 

•tl 

Logical 1-to-O transition current, ports 1, 2, 3, 

0°C to 70°C 

See note 5 


-650 

^A 


except PI .6/SCL. PI .7/SDA 

-40''C to -i-85"'C 



-750 

ixA 



^0°C to +125°C 



-750 

nA 

•iLI 

Input leakage current, port 0, EA 


0.45<Vi<VDD 


±10 

nA 

i|L2 

Input leakage current, PI. 6/SCL, PI. 7/SDA 


0V<VI<6.0V 


±10 





0V<Vdd<6.0V 


jiA 

Idd 

Power supply current; 


See notes 6, 7 





Active mode 




35 

mA 


Idle mode 




6 

mA 


Power down mode 




100 

hA 


Power down mode 

-40°Cto -i-125°C 



150 

rA 

Rrst 

Internal reset pull-down resistor 



50 

150 

k^ 

C|0 

Capacitance of I/O buffer 


Freq.=1MHz 
Tamb = 25^C 


10 

pF 


NOTES: 

1 . Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the LOW level ouput voltage of ALE, Port 1 
and Port 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make a 1-to-O transition 
during bus operations. In the worst cases (capacitive loading > lOOpF), the noise pulse on the ALE line may exceed 0.8V. In such cases it 
may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigge r STROBE input. 

2. Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and PSEN to momentarily fall below the O.QVdd 
specification when the address bits are stabilizing. 

3. The input threshold voltage of PI .6 and PI. 7 (SI01) meets the l^C specification, so a voltage below 0.3 V dd will be recognized as a logic 0 
while an input above O.TVqd will be recognized as a logic 1 . 

4. Under steady state (non-transient) conditions, Iql must be externally limited as follows; 


Maximum Iql per port pin; 

10mA 

Maximum Iql per 8-bit port; - 


PortO; 

26mA 

Ports 1, 2, & 3; 

15mA 

Maximum total Iql for all output pins; 

71mA 


If Iql exceeds the test condition, Vql may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 

5. Pins of ports 1 , 2. and 3 source a transition current when they are being externally driven from 1 to 0. The transition current reaches its 
maximum value when V|n is approximately 2V. 

6. See Figures 9 through 1 2 for Iqd test conditions. 

7- Iddmax et other frequencies can be derived from the figure below, where FREQ is the external oscillator frequency in MHz. 

Iddmax is given in mA. 
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35 





MAX ACTIVE MODE 







25 






1 “ 
o 





TYP ACTIVE MODE 

— 15 






10 

5 





MAX IDLE MODE 

TYP IDLE MODE 

° 4 8 12 16 

FREQ. AT XTALl (MHz) 

VALID ONLY WITHIN FREQUENCY SPECIFICATIONS OF DEVICE UNDER TEST. 

Idd vs. frequency 
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AC ELECTRICAL CHARACTERISTICS' ■ 2 


SYMBOL FIGURE 



Data Memory 

tRLRH I 



tAVWL 

tQVWX 


tWHQX 


tRLAZ * 

tyVHLH ' 

External Clock 

tCHCX I 


PARAMETER 

Oscillator frequency 
ALE pulse width 


Address valid to ALE low 


Address hold after ALE low 
ALE low to valid instruction in 
ALE low to PSEN low 
PSEN pulse width 
PSEN low to valid instruction in 


Input instruction hold after PSEN 


Input instruction float after PSEN 
Address to valid instruction in 


PSEN low to address float 


RD pulse width 
WR pulse width 


RD low to valid data in 
Data hold after RH 


Data float after RR 


ALE low to valid data in 
Address to valid data in 


RR low to address float 
RR or WR high to ALE high 

High time 
Low time 


16 MHz CLOCK 


VARIABLE CLOCK 
MIN MAX 

1.2 16 







6tcLCL-100 

6tcLCL-100 


ALE low to RR or WR low 

138 

Address valid to WR low or RR low 

120 

Data valid to WR transition 

3 

Data hold after WR 

13 




3tcLCL-50 


4tcLCL~‘l30 

tcLCL-60 

tcLCL-50 


3k;LCL+50 


0 

tcLCL+40 




Serial port clock cycle time 


Output data setup to clock rising edge 
Output data hold after clock rising edge 


Input data hold after clock rising edge 
Clock rising edge to input data valid 


12tcLCL 


1 0fcLCL-1 33 

^tcLCL-ll^ 

0 


NOTES: 

1 . Parameters are valid over operating temperature range unless otherwise specified. 

2. Load capacitance for port 0, ALE, and PSEN = 1 0OpF, load capacitance for all other outputs = 80pF. 


1 0fcLCL-l 33 
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AC ELECTRICAL CHARACTERISTICS - I^C INTERFACE 


SYMBOL 

PARAMETER 

INPUT 

OUTPUT 

PC SPECIFICATION 

SCL TIMING CHARACTERISTICS 

tHDi STA 

START condition hold time 

S14tcLCL' 

Note 2 

> 4.0jis 

tiow 

SCL LOW time 

^ 16 tCLCL 

Note 2 

>4.7hS 

tHlGH 

SCL HIGH time 

^ 1 4 tcLCL^ 

> 80 tcLCL® 

> 4.0ns 

tRC 

SCL rise time 

<1kS^ 

Note 5 

< 1 .OjiS 

tpc 

SCL fall time 

< 0.3^s^ 

< 0.3jis ® 

< 0.3iis 

SDA TIMING CHARACTERISTICS 

tsu: dati 

Data set-up time 

> 250ns 

Note 2 

> 250ns 

tHDi DAT 

Data hold time 

>0ns 

Note 2 

> 0ns 

tsui STA 

Repeated START set-up time 

^ 1 4 tcLCL^ 

Note 2 

> 4.7jis 

tsui STO 

STOP condition set-up time 

^ 14 tcLCL^ 

Note 2 

> 4.0jis 

teuF 

Bus free time 

>14tcLCL' 

Note 2 

> 4.7jis 

tRD 

SDA rise time 

< IjiS^ 

Note 5 

< 1 .Oils 

tPD 

SDA fail time 

< 0.3jis4 

< 0.3^s 6 

< 0.3^s 


NOTES: 

1 . At fcLK = 3.5MHz, this evaluates to 14 X 286ns = 4fis, i.e., the bit-level FC interface can respond to the I^C protocol for fcLK ^ 3.5MHz. 

2. This parameter is determined by the user software, it has to comply with the I^C. 

3. This value gives the autoclock pulse length which meets the I^C specification for the specified XTAL clock frequency range. Alternatively, the 
SCL pulse may be timed by software. 

4. Spikes on SDA and SCL lines with a duration of less than 4 X fcLK will be filtered out. 

5. The rise time is determined by the external bus line capacitance and pull-up resistor, it must be < Ij^s. 

6. The maximum capacitance on bus lines SDA and SCL is 400pF. 
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EXPLANATION OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
first character is always 't' (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 

A - Address 
C - Clock 
D - Input data 
H - Logic level high 

I - Instruction (program memory contents) 

L - Logic level low, or ALE 
P - PSER 


Q- Output data 
R - nU signal 
t - Time 
V - Valid 
W- WR signal 

X - No longer a valid logic level 
2 - Float 

Examples: tAVLL = Time for address valid 
to ALE low. 

fiLPL = Time for ALE low to 
PSEN low. 
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Vdd-0.5 

0.45V 



Figure 6. External Clock Drive 


XI 

NOTE: 

AC inputs during testing are driven at Vqq -0.5 for a logic ‘1 ' and 0.45V for a logic ‘O’. 
Timing measurements are made at Vi[_| min for a logic ’1' and V|l for a logic 'O’. 

Figure 7. AC Testing Input/Output 


VdD-O-5 


X; 


.2VDD+0-9 

a2VoD-0.1 


VloAD+0- 


Vload“ 


VlOAD-0- 


).1V ^ 

.IV X 




TIMING 

REFERENCE 

POINTS 




>: 


VOH-0.1V 

VoL+O-lV 


NOTE: 

For timing purposes, a port is no longer floating when a lOOmV change from load 
voltage occurs, and begins to float when a tOOmV change from the loaded Vqh^ 
Vql level occurs. IqH^IqL — — 20mA. 

Figure 8. Float Waveform 
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(NC)- 
CLOCK SIGNAL 



(NO- 
CLOCK SIGNAL- 


RST 

Vdd 

ER 

PO 

XTAL2 

P1.6 

XTALI 

vss 

Pi .7 


Figure 9. Iqd Condition, Active Mode 
All other pins are disconnected 


Figure 10. Iqd Test Condition, Idle Mode 
All other pins are disconnected 



RST 

Vdd 

ER 

PO 

XTAL2 

PI .6 

XTALI 

Vss 

Pi. 7 


Figure 11 . Clock Signal Waveform for 
Idd Tests in Active and Idle Modes 
tCLCH = tcHCL = 5ns 


Figure 1 2. Iqd Condition, Power Down Mode 
All other pins are disconnected. Vqd = 2V to 5.5V 


Ports 1 .6 and 1.6 should be connected to Vdd through resistors of sufficiently high value such that the sink current into these pins does not 
exceed the Iqli specifications. 



Purchase of Philips' I^C components conveys a license under the 

Philips’ |2C patent to use the components in the I^C-system 

provided the system conforms to the i^C specifications defined by Philips. 
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DESCRIPTION 

The 87C528 single-chip 8-bit microcontroller 
is manufactured in an advanced CMOS 
process and is a derivative of the 80C51 
microcontroller family. The 87C528 has the 
same instruction set as the 80C51 . Three 
versions of the derivative exist; 

• 83C528 — 32k bytes mask programmable 
ROM 

• 80C528 — ROMIess version of the 83C528 

• 87C528 — 32k bytes EPROM 

This device provides architectural 
enhancements that make it applicable in a 
variety of applications in consumer, telecom 
and general control systems, especially in 
those systems which need large ROM and 
RAM capacity on-chip. 

The 87C528 contains a 32k X 8 EPROM, a 
512X8 RAM, four 8-bit I/O ports, two 16-bit 
timer/event counters (identical to the timers of 
the 80C51 ), a 16-blt timer (identical to the 
timer 2 of the 80C52), a watchdog timer with 
a separate oscillator, a multi-source, 
two-priority-level, nested interrupt structure, 
two serial interfaces (UART and I^C-bus), 
and on-chip osdilator and timing circuits. 

In addition, the 87C528 has two software 
selectable modes of power reduction — idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial port, and interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be inoperative. 



FEATURES 

• 80C51 instruction set 

- 32k X 8 EPROM 

- 512X8RAM 

- Memory addressing capability 
64k ROM and 64k RAM 

- Three 16-bit counter/timers 

- On-chip watchdog timer with oscillator 
~ Full duplex UART 

- I^C serial interface 

• Power control modes; 

- Idle mode 

- Power-down mode 

- Warm start from power-down 

• CMOS and TTL compatible 

• Extended temperature ranges 

• EPROM code protection 

• OTP package available 

• Two speed ranges at Vcc = 5V 

- 16MHz 

- 20MHz 


PIN CONFIGURATIONS 


T2/P1.0 
T2EX4»1.1 
P1.2 
P1.3 
P1.4 
PI .5 
SCUP1.6 
SDA/P1.7 
RST 
RXD/P3.0 
TxD/P3.1 
INTO/P3.2 
IFnT/P3.3 
TO/P3.4 
T1/P3.5 
Wn/P3.6 
Riy/P3.7 
XTAL2 
XTAL1 

vss 


[i 



[1 



il 



E 


H 

E 


H 

E 



E 



E 



E 



E 

DUAL 

IN-LINE 

i 

E 

PACKAGE 


E 



01 



E 



0! 



E 



01 


S] 

E 



E 


n 

E 




Vdd 

PO.O/ADO 

P0.1/AD1 

P0.2/AD2 

P0.3/AD3 

P0.4/AD4 

P0.S/AD5 

P0.6/AD6 

P0.7/AD7 

EA 

ALE 

PSEN 

P2.7/A15 

P2.6/A14 

P2.5/A13 

P2.4/A12 

P2.3/A11 

P2.2/A10 

P2.1/A9 

P2.0/A8 


.7d 


PLASTIC 

LEADED 

CHIP 

CARRIER 


TT 

18 


□ 39 


□ 29 


44 34 
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CERAMIC AND PLASTIC LEADED PLASTIC QUAD FLAT PACK 
CHIP CARRIER PIN FUNCTIONS PIN FUNCTIONS 




33 


23 


Pin 

Function 

Pin 

Function 

1 

NC 

23 

NC 

2 

P1.0/T2 

24 

P2.0/A8 

3 

P1.1/T2EX 

25 

P2.1/A9 

4 

PI. 2 

26 

P2.2/A10 

5 

PI. 3 

27 

P2.3/A11 

6 

PI. 4 

28 

P2.4/A12 

7 

P1.5 

29 

P2.5/A13 

8 

P1.6/SCL 

30 

P2.6/A14 

9 

P1.7/SDA 

31 

P2.7/A15 

10 

RST 

32 

P5ER 

11 

P3.0/RxD 

33 

ALE 

12 

NC 

34 

NC 

13 

P3.1/TxD 

35 

EA 

14 

P3.2/INTn 

36 

P0.7/AD7 

15 

P3.3/TNTT 

37 

P0.6/AD6 

16 

P3.4/T0 

38 

P0.5/AD5 

17 

P3.5/T1 

39 

P0.4/AD4 

18 

P3.6/WR 

40 

P0.3/AD3 

19 

P3.7/Hn 

41 

P0.2/AD2 

20 

XTAL2 

42 

PO. 1/ADI 

21 

XTAL1 

43 

PO.O/ADO 

22 

vss 

44 

Vdd 


Pin 

Function 

Pin 

Function 

1 

P1.5 

23 

P2.5/A13 

2 

P1.6/SCL 

24 

P2.6/A14 

3 

P1.7/SDA 

25 

P2.7/A15 

4 

RST 

26 

P5EFI 

5 

P3.(yRxD 

27 

ALE 

6 

NC 

28 

NC 

7 

P3.1/TxD 

29 

EA 

8 

P3.2/INTD 

30 

P0.7/AD7 

9 

P3.3/TRTr 

31 

P0.6/AD6 

10 

P3.47ro 

32 

P0.5/AD5 

11 

PO.S/TI 

33 

P0.4/AD4 

12 

P3.6/Vm 

34 

P0.3/AD3 

13 

P3.7RD 

35 

P0.2/AD2 

14 

XTAL2 

36 

P0.1/AD1 

15 

XTAL1 

37 

PO.O/ADO 

16 

Vss 

38 

vdd 

17 

NC 

39 

NC 

18 

P2.0/A8 

40 

P1.0/T2 

19 

P2.1/A9 

41 

P1.1/T2EX 

20 

P2.2/A10 

42 

P1.2 

21 

P2.3/A11 

43 

PI. 3 

22 

P2.4/A12 

44 

P1.4 


LOGIC SYMBOL 
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ORDERING INFORMATION 



PHIUPS 

PART ORDER NUMBER 

PART MARKING 

PHILIPS NORTH AMERICA 
PART ORDER 

NUMBER 


TEMPERATURE "C RANGE 

AND PACKAGE 

FREQ 

MHz 

ROMIess 

ROM 

ROMIess 

ROM 

Drawing 

Number 

rsmmm 


P80C528FBP N 

P83C528FBP N 

SOT129 

0 to +70, Plastic Dual In-line Package 

16 









P83C528FBA/XXX 



SOT187 

0 to +70, Plastic Leaded Chip Carrier 

16 








mmM 

P83C528FBB/XXX 



SOT311 

0 to +70, Plastic Quad Flat Pack 

16 

P80C528FFP 

P83C528FFP/XXX 

P80C528FFP N 

P83C528FFP N 

SOT129 

-40 to +85, Plastic Dual In-line Package 

16 








P80C528FFA 

P83C528FFA/XXX 

P80C528FFA A 

P83C528FFA A 

SOT187 

^0 to +85, Plastic Leaded Chip Carrier 








IB 

P80C528FFB 

P83C528FFB/XXX 


P83C528FFB B 

ESuSI 

-40 to +85, Plastic Quad Flat Pack 

16 

P80C528FHP 

P83C528FHP/XXX 


P83C528FHP N 

ESSE9 

-40 to +1 25, Plastic Dual In-line Package 

16 

P80C528FHA 



P83C528FHA A 

SOT187 

-40 to +125, Plastic Leaded Chip Carrier 

16 

P80C528FHB 




SOT311 

^0 to +125, Plastic Quad Flat Pack 

16 


















mmiii 


lllllllllllllllIBBHHHIiHI 

__ 





































NOTE: 

1 . XXX denotes the ROM code number. 
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EPROM 

Drawing 

Number 

TEMPERATURE oC RANGE 

AND PACKAGE 

FREQ 

MHz 

P87C528EBP N 

041 5C 

0 to +70, Plastic Dual In-line Package 

16 

P87C528EBF FA 

0590B 

0 to +70, Ceramic Dual In-line Package 
w/ Window 

B 

P87C528EBA AA 


0 to +70, Plastic Leaded Chip Carrier 

HQI 

P87C528EBL KA 

HQI 

0 to +70, Ceramic Leaded Chip Carrier 
wA/Vindow 

B 

P87C528EBB B 


0 to +70, Plastic Quad Flat Pack 

■■ 

P87C528EFP N 


-40 to +85, Plastic Dual In-line Package 


P87C528EFF FA 

0590B 

-40 to +85, Ceramic Dual In-line Package 
w/Window 

B 

P87C528EFF FA 


-40 to +85, Plastic Leaded Chip Carrier 

■■ 

P87C528EFL KA 

1472A 

-40 to +85, Ceramic Leaded Chip Carrier 
w/ Window 

B 


SOT311 

-40 to +85, Plastic Quad Flat Pack 

■■ 





Hmmi 


[jllllllllllllllllllllll^^ 

mu 





P87C528GBP N 

041 5C 

0 to +70, Plastic Dual In-line Package 

20 

P87C528GBF FA 

0590B 

0 to +70, Ceramic Dual In-line Package 
w/Window 

20 

P87C528GBA A 


0 to +70, Plastic Leaded Chip Carrier 

20 

P87C528GBL KA 

,mi 

0 to +70, Ceramic Leaded Chip Carrier 
w/Window 

20 

P87C52GFP N 

041 5C 

-40 to +85, Plastic Dual In-line Package 

20 

P87C52GFF FA 

0590B 

0 to +70, Ceramic Dual In-line Package 
w/Window 

20 

P87C52GFA A 


0 to +70, Plastic Leaded Chip Carrier 

20 

P87C52GFL KA 

1472A 

0 to +70, Ceramic Leaded Chip Carrier 
w/Window 

20 
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BLOCK DIAGRAM 


FREQUENCY 

REFERENCE 



EXTERNAL 

INTERRUPTS 


PARALLEL PORTS, 
ADDRESS/DATA BUS 
AND I/O PINS 


SHARED WITH 
PORTS 
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PIN DESCRIPTION 



PIN NO. 




MNEMONIC 

DIP 

LCC 

QFP 

TYPE 

NAME AND FUNCTION 

Vss 

20 

22 

16 

1 

Ground: circuit ground potential. 

Vdd 

40 

44 

38 

1 

Power Supply: +5V power supply pin during normal operation, Idle mode and Power-down 
mode. 

PO.0-0.7 

39-^2 

43-36 

37-30 

I/O 

Port 0: Port 0 is an open-drain, bidirectional I/O port. PortO pins that have Is written to them 
float and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order 
address and data bus during accesses to external program and data memory. In this 
application, it uses strong internal pull-ups when emitting Is. 

pi.a-pi.7 

1-8 

2-9 

40-^4 

1-3 

I/O 

Port 1 : Port 1 is an 8-bit bidirectional I/O port with internal pull-ups, except PI .6 and PI .7 
which have open drain. Port 1 pins that have Is written to them are pulled high by the 
internal pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled 
low will source current because of the internal pull-ups. (See DC Electrical Characteristics: 

Iil). Port 1 can sink/source one TTL (4 LSTTL) inputs. Port 1 receives the low-order address 
b^e during program memory verification. Port 1 also serves alternate functions for timer 2: 


1 

2 

40 

1 

T2 (P1.0): Timer/counter 2 external count input (following edge triggered). 


2 

3 

41 

1 

T2EX (P1.1): Timer/counter 2 trigger input. 


7 

8 

2 

I/O 

SCL (PI .6): I^C serial port clock line. 


8 

9 

3 

I/O 

SDA (Pi .7): I^C serial port data line. 

P2.0-P2.7 

21-28 

24-31 

18-25 

I/O 

Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have Is 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: Iil). Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal 
pull-ups when emitting 1 s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 

P3.0-P3.7 

10-17 

11. 

13-19 

5, 

7-13 

1 

I/O 

Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have Is 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are externally being pulled low will source current because of the pull-ups. 

(See DC Electrical Characteristics: I|l). Port 3 also serves the special features of the 

SC80C51 family, as listed below: 


10 

11 

5 

1 

RxD (P3.0): Serial input port 


11 

13 

7 

o 

TxD (P3.1): Serial output port 


12 

14 

8 

1 

INTO (P3.2): External interrupt 


13 

15 

9 

1 

INTT (P3.3): External interrupt 


14 

16 

10 

1 

TO (P3.4): Timer 0 external input 


15 

17 

11 

1 

T1 (P3.5): Timer 1 external input 


16 

18 

12 1 

o 

WR (P3.6): External data memory write strobe 


17 

19 

13 

0 

RD (P3.7): External data memory read strobe 

RST 

9 

10 

4 

I/O 

Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vdd- After a watchdog timer overflow, this pin is pulled high while the internal 
reset signal is active. 

ALE 

30 

33 

27 

I/O 

Address Latch Enable: Output pulse for latching the low byte of the address during an 
access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6 the 
oscillator frequency, and can be used for external timing or clocking. Note that one ALE 
pulse is skipped during each access to external data memory. 

PSEN 

29 

32 

1 

26 

o 

Program Store Enable: The read strobe to external program memory. When the device Is 
executing code from the external program memory, PSEN is activated twice each machine 
cycle, except that two PSEN activations are skipped during each access to external data 
memory. PSEN is not activated during fetches from internal program memory. 

EA 

31 

35 

29 

1 

External Access Enable: EA must be externally held low during RESET to enable the 
device to fetch code from external program memory locations 0(X)0H to 7FFFH. If EA is held 
high during RESET, the device executes from internal program memory unless the program 
counter contains an address greater than 7FFFH. EA is don't care after RESET. 

XTAL1 

19 

21 

15 

1 

Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 

XTAL2 

18 

20 

14 

o 

Crystal 2: Output from the inverting oscillator amplifier. 
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Table 1 . Internal and External Program Memory Access with Security Bit Set 


INSTRUCTION 

ACCESS TO INTERNAL 

PROGRAM MEMORY 

ACCESS TO EXTERNAL 
PROGRAM MEMORY 

Move in internal program memory 

YES 

YES 

Move in external program memory 

NO 

YES 


INTERNAL DATA MEMORY 

The internal data memory is divided into three 
physically separated segments: 256 bytes of 
RAM, 256 bytes of AUX-RAM, and a 1 28 
bytes special function area. These can be 
addressed each in a different way. 

- RAM 0 to 1 27 can be addressed directly 
and Indirectly as in the 80C51 . Address 
pointers are RO and R1 of the selected 
register bank. 

- RAM 128 to 255 can only be addressed 
indirectly as in the 80C51 . Address 
pointers are RO and R1 of the selected 
register bank. 

- AUX-RAM 0 to 255 is indirectly addressed 
in the same way as external data memory 
with the MOVX instructions. Address 
pointers are RO, R1 of the selected register 
bank and DPTR. An access to AUX-RAM 0 
to 255 will not affect ports PO, P2, P3.6 and 
P3.7. 

An access to external data memory locations 
higher than 255 will be performed with the 
MOVX DPTR instructions in the same way as 
in the 8051 structure, so with PO and P2 as 
data/address bus and P3.6 and P3.7 as write 
and read timing signals. Note that these 
external data memory cannot be accessed 
with RO and R1 as address pointer. 

TIMER 2 

Timer 2 Is functionally equal to the Timer 2 of 
the 8052AH. Timer 2 is a 16-bit timer/counter. 
These 16 bits are formed by two special 
function registers TL2 and TH2. Another pair 
of special function register RCAP2L and 
RCAP2H form a 16-bit capture register or a 
16-bit reload register. Like Timer 0 and 1 , it 
can operate either as a timer or as an event 
counter. This is selected by bit C7r2N in the 
special function register T2CON. It has three 
operating modes: capture, autoload, and 
baud rate generator mode which are selected 
by bits in T2CON. 

WATCHDOG TIMER T3 

The watchdog timer consists of an 11 -bit 
prescaler and an 8-bit timer formed by special 
function register T3. The prescaler is 
incremented by an on-chip oscillator with a 
fixed frequency of 1 MHz. The maximum 
tolerance on this frequency is -50% and 
+1 00%. The 8-bit timer increments every 
2048 cycles of the on-chip oscillator. When a 
timer overflow occurs, the microcontroller is 


reset and a reset output pulse of 16 X 2048 
cycles of the on-chip oscillator is generated at 
pin RST. The internal RESET signal is not 
inhibited when the external RST pin is kept 
low by, for example, an external reset circuit. 
The RESET signal drives port 1 , 2, 3 into the 
high state and port 0 into the high impedance 
state. 

The watchdog timer Is controlled by one 
special function register WDCON with the 
direct address location A5H. WDCON can be 
read and written by software. A value of A5H 
In WDCON halts the on chip oscillator and 
clears both the prescaler and timer T3. After 
the RESET signal, WDCON contains A5H. 
Every value other than ASH In WDCON 
enables the watchdog timer. When the 
watchdog timer is enabled, it runs 
independently of the XTAL-clock. 

Timer T3 can be read on the fly. Timer T3 
can only be written if WDCON contains the 
value 5AH. A successful write operation to 
T3 will clear the prescaler and WDCON, 
leaving the watchdog enabled and preventing 
inadvertent changes of T3. To prevent an 
overflow of the watchdog timer, the user 
program has to reload the watchdog timer 
within periods that are shorter than the 
programmed watchdog timer internal. This 
time interval is determined by an 8-bit value 
that has to be loaded in register T3 while at 
the same time the prescaler Is cleared by 
hardware. 

Watchdog timer interval = 

[256 -(T3)] X 2048 
on-chip oscillator frequency 

BIT-LEVEL I^C INTERFACE 

This bit-level serial I/O Interface supports the 
|2C-bus. PI .6/SC L and PI .7/SDA are the 
serial I/O pins. These two pins meet the I^C 
specification concerning the input levels and 
output drive capability. Consequently, these 
pins have an open drain output configuration. 
All the four modes of the I^C-bus are 
supported: 

- master transmitter 

- master receiver 

- slave transmitter 

- slave receiver 

The advantages of the bit-level I^C hardware 
compared with a full software I^C 
implementation are: 


- the hardware can generate the SCL pulse 

- Testing a single bit (RBF respectively, 

WBF) is sufficient as a check for error free 
transmission. 

The bit-level I^C hardware operates on serial 

bit level and performs the following functions: 

- filtering the incoming serial data and clock 
signals 

- recognizing the START condition 

- generating a serial interrupt request SI after 
reception of a START condition and the 
first falling edge of the serial clock 

- recognizing the STOP condition 

- recognizing a serial clock pulse on the SCL 
line 

- latching a serial bit on the SDA line (SDI) 

- stretching the SCL LOW period of the 
serial clock to suspend the transfer of the 
next serial data bit 

- setting Read Bit Finished (RBF) when the 
SCL clock pulse has finished and Write Bit 
Finished (WBF) if there is no arbitration 
loss detected (i.e., SDA = 0 while SDO = 1) 

- setting a serial clock Low-to-High detected 
(CLH)flag 

- setting a Bus Busy (BB) flag on a START 
condition and clearing this flag on a STOP 
condition 

- releasing the SCL line and clearing the 
CLH, RBF and WBF flags to resume 
transfer of the next serial data bit 

- generating an automatic clock if the single 
bit data register SI BIT is used in master 
mode. 

The following functions must be done in 

software: 

- handling the I^C START interrupts 

- converting serial to parallel data when 
receiving 

- converting parallel to serial data when 
transmitting 

- comparing the received slave address with 
its own 

- interpreting the acknowledge information 

- guarding the I^C status if RBF or WBF = 0. 

Additionally, if acting as master: 

- generating START and STOP conditions 

- handling bus arbitration 

- generating serial clock pulses if SI BIT is 
not used. 
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Three SFRs control the bit-level I^C Interface: 
S1INT,S1BITandS1SCS. 

OSCILLATOR 

CHARACTERISTICS 

XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
osdilator, as shown in the Logic Symbol. 

To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the Input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

RESET 

A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator Is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-up, the voltage on Vqd and RST must 
come up at the same time for a proper 
start-up. 


IDLE MODE 

In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the Idle 
mode Is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process Is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 

POWER-DOWN MODE 

In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
The power-down mode can be terminated by 
a RESET in the same way as In the 80C51 or 
in addition by one of two external interrupts, 
INTO or INT1 . A termination with an external 
interrupt does not affect the internal data 
memory and does not affect the special 
function registers. This makes It possible to 
exit power-down without changing the port 
output levels. To terminate the power-down 
mode with an external interrupt INTO or INTI 
must be switched to level-sensitive and must 
be enabled. The external interrupt input 


signal IN 10 and INTT must be kept low until 
the oscillator has restarted and stabilized. An 
instruction following the instruction that puts 
the device in the power-down mode will be 
executed. A reset generated by the watchdog 
timer terminates the power-down mode in the 
same way as an external RESET, and only 
the contents of the on-chip RAM are 
preserved. The control bits for the reduced 
power modes are In the special function 
register PCON. 

DESIGN CONSIDERATIONS 

At power-on, the voltage on Vqd and RST 
must come up at the same time for a proper 
start-up. 

When the idle mode is terminated by a 
hardware reset, the device normally resumes 
program execution, from where it left off, up 
to two machine cycles before the internal 
reset algorithm takes control. On-chip 
hardware inhibits access to internal RAM in 
this event, but access to the port pins is not 
inhibited. To eliminate the possibility of an 
unexpected write when idle is terminated by 
reset, the instruction following the one that 
invokes idle should not be one that writes to a 
port pin or to external memory. 

Table 2 shows the state of I/O ports during 
low current operating modes. 


Table 2. External Pin Status During Idle and Power-Down Modes 


MODE 

PROGRAM MEMORY 

ALE 

PSEN 

PORTO 

PORT1 

PORT 2 

PORTS 

Idle 

Internal 

1 

1 

Data 

Data 

Data 

Data 

Idle 

External 

1 

1 


Data 

Address 

Data 

Power-down 

Internal 

0 

0 

Data 

Data 

Data 

Data 

Power-down 

External 

0 

0 

Float 

Data 

Data 

Data 


ABSOLUTE MAXIMUM RATINGS^- 2, 3 


PARAMETER 

RATING 

UNIT 

Operating temperature under bias 

0 to +70, or 
-40 to +85. or 
-40 to +125 

H 

Storage temperature range 

-65 to +150 


Voltage on any other pin to Vss 

—0.5 to Vdd +0.5 

IDl 

Input, output current on any two pins 

±10 

ll&lllllii 

Power dissipation 

(based on package heat transfer limitations, not device power consumption) 

1.0 

Bl 


NOTES: 


1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 
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DC ELECTRICAL CHARACTERISTICS 

Tamb = 0°c to +70°C (Vdd = 5V ±20%), -40°C to +85°C (Vdo = 5V ±20%), or^°C to +125°C (Vqd = 5V ±10%), Vss=0V 





TEST 

LIMITS 


SYMBOL 

PARAMETER 

PART TYPE 

CONDITIONS 

MIN 

MAX 

UNIT 

V|L 

Input low voltage. 

0*^0 to 70^C 


-0.5 

0.2Vccr0.1 

V 


except EA, P1.6/SCL, P1,7/SDA 

-^0°Cto-H85''C 


-0.5 

0.2Vcc-0.15 

V 

V|L1 

Input low voltage to EA 

0°C to 70°C 


0 

0.2Vcc-0-3 

V 



-40°C to -k85®C 


0 

0.2Vcc-0 35 

V 

V|L2 

Input low voltage to PI .6/SCL, PI .7/SDA® 



-0.5 

0.3V 

V 

V|H 

Input high voltage. 

to 70°C 


0.2Vcc+0.9 

Vcc+0.5 

V 


except XTAL1 , RST, PI .6/SCL. PI .7/SDA 

^O'^C to +85''C 


0.2Vcx:+1.0 

Vcc+0.5 

V 

V|H1 

Input high voltage, XTAL1 , RST 

O^C to 


0.7Vcc 

Vcc+0.5 

V 



-40°C to -i-85''C 


0.7Vcc+0.1 

Vcc+0.5 

V 

V|H2 

Input high voltage, PI. 6/SCL, PI. 7/SDA® 



3.0 

6.0 

V 

Vql 

Output low voltage, ports 1, 2. 3, except 

PI .6/SCL, P1.7/SDA1 


loL= 1-6mA^ 


0.45 

V 

VoLI 

Output low voltage, port 0, ALE, PSEN^ 


loL = 3.2mA^ 


0.45 

V 

VoL2 

Output low voltage, PI. 6/SCL, PI. 7/SDA 


Iql = 3.0mA^ 


0.4 

V 

VoH 

Output high voltage, ports 1,2,3 


loH = -60pA 

2.4 


V 




loH = -25pA 

0.75Vcc 


V 

V0H1 

Output high voltage, Port 0 in external bus mode, 
ALE. P5EN. RST 


Iqh = — 800pA 

2.4 


V 



Iqh = ~300)iA 

0.75VCC 


V 

l|L 

Logical 0 input current, ports 1 , 2, 3, 

0°C to 70°C 

V|N = 0.45V 


-50 



except PI .6/SCL, PI. 7/SDA 

-40°C to +85^C 



-75 


Itl 

Logical 1-to-O transition current, ports 1 , 2, 3, 

0°C to 70°C 

See note 3 


-650 



except PI .6/SCL, PI. 7/SDA 

^0"^C to +85‘'C 



-750 


l|L1 

Input leakage current, port 0 


V|N = V|L orViH 


±10 

pA 

•lL2 

Input leakage current, PI. 6/SCL, PI. 7/SDA 


0V<Vi<6.0V 


±10 

pA 




0V<Vcc<6.0V 



pA 

Icc 

Power supply current: 


See note 4 





Active mode @ 16MHz 

0°C to 70°C 



25 

mA 



-40°C to +85°C 



35 



Idle mode@ 16MHz 

0°C to 70OC 



5 

mA 



-409C to +85°C 



6 



Power down mode 




50 

pA 

Rrst 

Internal reset pull-down resistor 



50 

300 

kQ 

C|0 

Pin Capacitance 




10 



NOTES: 


1 . Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the Vqls of ALE and ports 1 and 3. The 
noise is due to external bus capacitance discharging into the port and port 2 pins when these pins make 1-to-O transactions during bus 
operations. In the worst cases (capacitive loading > 1CX)pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be 
desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. Under steady state 
(non-transient) conditions, Iql must be externally limited as follows: 10mA per port pin, port 0 total (all bits) 26mA, ports 1 , 2. and total each 
(all bits) 1 5mA. 

2. Capacitive loading on Ports 0 and 2 may cause the Vqh on ALE and PSbN to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 

3. Pins of ports 1 , 2, and 3 source a transition current when they are being externally driven from 1 to 0. The transition current reaches its 
maximum value when V|n is approximately 2V. 

4. See Figures 10 through 13 for Ice test conditions. 

5. The input threshold voltage of PI .6 and PI .7 (SI01 ) meets the I^C specification, so an input voltage below 1 .5V will be recognized as a logic 
0 while an input voltage above 3.0V will be recognized as a logic 1. 
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AC ELECTRICAL CHARACTERISTICS^ 2 


SYMBOL 

FIGURE 

PARAMETER 

16MHz CLOCK 

VARIABLE CLOCK 

UNIT 

MIN 

MAX 

MIN 

MAX 

■•/tCLCL 

1 

Oscillator frequency; Speed Versions 

87C528 P878C528EXX 

P878C528GXX 



3.5 

3.5 

16 

20 

MHz 

MHz 

tlHLL 

1 

ALE pulse width 

85 


2tcLCL-40 


ns 

Wll 

1 

Address valid to ALE low 

8 


k;LCL-55 


ns 

^LLAX 

1 

Address hold after ALE low 

28 




ns 

tlLIV 

1 

ALE low to valid instruction in 


150 



ns 

klPL 

1 

ALE low to PSEN low 

23 


fcLCL-40 


ns 

fpLPH 

1 

PSEN pulse width 

143 


31clcl-^5 


ns 

tPLIV 

1 

PSEN low to valid instruction in 


83 


3tCLCL-105 

ns 

tpxix 

1 

Input instruction hold after PSEN 

0 


0 


ns 

tpxiz 

.1 

Input instruction float after PSEN 


38 


tCLCL“25 

ns 

tAVIV 

1 

Address to valid instruction in 


208 


5tcLCL-105 

ns 

tpLAZ 

1 

PSEN low to address float 


10 


10 

ns 

I Data Memory | 

tRLRH 

2.3 

RU pulse width 

275 


6tcLCL~100 


ns 

tWLWH 

2.3 

WR pulse width 

275 


3tcLCL“1 00 


ns 

tRLDV 

2.3 

RD low to valid data in 


148 


StcLCL-IOS 

ns 

tRHDX 

2.3 

Data hold after RD 

0 


0 


ns 

tRHDZ 

2.3 

Data float after RU 


55 


2tcLCL-70 

ns 

tlLDZ 


ALE low to valid data in 


350 



ns 

tAVDV 


Address to valid data in 


398 



ns 

tLLWL 

2.3 

ALE low to P?rJ or WR low 

138 

238 


3tcLCL+50 

ns 

Wwi 

2.3 

Address valid to WR low or R0 low 

120 




ns 

tQVWX 

2.3 

Data valid to WR transition 

3 




ns 


2.3 

Data hold after WR 

13 


tcLCL-50 


ns 

I tRLAZ 

2.3 

RD low to address float 


0 


0 

ns 


2.3 

RU or WR high to ALE high 

23 

103 

tCLCL-^0 

tcLCL+40 

ns 


tcHCX 

6 

High time 

20 


20 


ns 

tCLCX 

6 

Low time 

20 


20 


ns 

tCLCH 

6 

Rise time 


20 


20 

ns 

tCHCL 

6 

Fall time 


20 


20 

ns 

I Shift Register | 

tXLXL 

4 

Serial port clock cycle time 

750 




ns 

tQVXH 

4 

Output data setup to clock rising edge 

492 




ns 

tXHQX 

4 

Output data hold after clock rising edge 

8 




ns 

tXHDX 

4 

input data hold after clock rising edge 

0 


0 


ns 

fXHDV 

4 

Clock rising edge to input data valid 


492 


‘•0tcLCL~‘l33 

ns 


NOTES: 


1 . Parameters are valid over operating temperature range unless otherwise specified. 

2. Load capacitance for port 0, ALE, and PSEN = lOOpF, load capacitance for all other outputs = 80pF. 
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AC ELECTRICAL CHARACTERISTICS - I^C INTERFACE 


SYMBOL 

PARAMETER 

INPUT 

OUTPUT 

|2C SPECIFICATION 

SCL TIMING CHARACTERISTICS 

tHD>' STA 

START condition hold time 


Note 2 

> 4.0ps 

tiow 

SCL LOW time 

^16 tcLCL 

Note 2 

> 4.7ps 

tHIGH 

SCL HIGH time 

>14lcLa' 

^ 80 tcLCL^ 

>4.0ps 

tRC 

SCL rise time 

1 

VI 

Note 5 

< I.Ops 

tpc 

SCL fall time 

< 0.3ps^ 

< 0.3ps 6 

< 0.3ps 

SDA TIMING CHARACTERISTICS 

tsu: dati 

Data set-up time 

> 250ns 

Note 2 

> 250ns 

tHo; DAT 

Data hold time 

> 0ns 

Note 2 

>0ns 

fsu: STA 

Repeated START set-up time 

^ 1 4 tcLCL^ 

Note 2 

> 4.7ps 

tsu; STO 

STOP condition set-up time 

^ 14tcLCL^ 

Note 2 

> 4. Ops 

teuF 

Bus free time 

> 1 4 tcLCL^ 

Note 2 

> 4.7ps 

tRD 

SDA rise time 

< Ips^ 

Note 5 

< I.Ops 

tpD 

SDA fall time 

< 0.3ps^ 

< 0.3ps 6 

< 0.3ps 


NOTES: 

1. At fcLK = 3.5MHz, this evaluates to 14 X 286ns = 4p.s, I.e., the bit-level I^C interface can respond to the I^C protocol for fcLK ^ 3.5MHz. 

2. This parameter Is determined by the user software, it has to comply with the I^C. 

3. This value gives the autoclock pulse length which meets the I^C specification for the specified XTAL clock frequency range. Alternatively, the 
SCL pulse may be timed by software. 

4. Spikes on SDA and SCL lines with a duration of less than 4 X fcLK will be filtered out. 

5. The rise time is determined by the external bus line capacitance and pull-up resistor, it must be < Ips. 

6. The maximum capacitance on bus lines SDA and SCL is 400pF. 
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EXPLANATtON OF THE AC 
SYMBOLS 

Each timing symbol has five characters. The 
first character is always ‘f (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are; 

A - Address 
C- Clock 
D- Input data 
H - Logic level high 

I - Instruction (program memory contents) 

L - Logic level low, or ALE 


P -PSER 
Q - Output data 
R - PtJ signal 
t - Time 
V - Valid 
W- WR signal 

X - No longer a valid logic level 
Z - Float 

Examples: tAVLL = Time for address valid 
to ALE low. 

tLLPL = T^nie for ALE low to 
PSEN low. 








INSTRUCTION | o | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 

|<- *XLXL — 


^XHQX 

3czixzr 

^txHDV^I H *XHDX 


OUTPUT DATA . 

' t ' 

WRITE TO SBUF 

INPUT DATA 

CLEAR Rl 


ICvaudX XvaudX XvaudX XvaudX Xvaud)( 


Figure 4. Shift Register Mode Timing 


CSTART or repeated START condition 


^ repeated START condition 


sda 

(INPUT/OUTPUT) 


SCL 

(INPUT/OUTPUT) 




tHD;STA tLOW tHIGH tSU;DATl tHDjDAT 

Figure 5. Timing SIOl (I^C) Interface 


tSU; STO 

f 0.7 Vdd 
/ 0.3 Vdd 
tSU;DAT3 

tSU;DAT2 
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tCHCL — ► 

<-tcLCX^ 

<-tCHCX-> 
* fCLCH 


Figure 6. External Clock Drive 



X 0.2Vdd^0.9 

/N 

NOTE: 

AC inputs during testing are driven at Vqq -0.5 for a logic ‘1 ' and 0.45V for a logic ‘O'. 
Timing measurements are made at V|h min for a logic ‘1 ‘ and V|l for a logic 'O'. 


VLOAD+«-1V TIMING - X Vqh 

VlOAD C BEFEHENCE > 

VlOA.HE1v X^ ^ VOL 

NOTE: 

For timing purposes, a port is no longer floating when a t OOmV change from load 
voltage occurs, and begins to float when a tOOmV change from the loaded Vqh/ 
Vql '®vel occurs. loH^bL — — 20mA. 


Figure 7. AC Testing Input/Output 


Figure 8. Float Waveform 



MAX ACTIVE MODE 


TYP ACTIVE MODE 


MAX IDLE MODE 
TYP IDLE MODE 


4MHz 8MHz 12MHz 16MHz 20MHz 
FREQ AT XTAL1 


Figure 9. Ice vs. FREQ. 

Valid oniy within frequency specifications of the device under test 
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Vdd 

RST 

PO 


m 

XTAL2 

PI .6 

XTALl 

PI .7 

Vss 



Figure 10. Iqd Test Condition, Active Mode 
All other pins are disconnected 



Figure 11 . Iqo Test Condition, idle Mode 
Ail other pins are disconnected 



Figure 12 . Clock Signal Waveform for 
Idd Tests in Active and Idle Modes 
tcLCH = tCHCL = 5ns 



Vdd 

RST 


EA 

PO 

XTAL2 

P1.B 

XTALl 

P1.7 

Vss 



Figure 13. Iqd Test Condition, Power Down Mode 
Ail other pins are disconnected. Vqd = 2V to 5.5V 


1 . ‘Ports 1 .6 and 1 .6 should be connected to Vqd through resistors of sufficiently high value such that the sink current into these pins does not 
exceed the Iqli specifications. 


EPROM CHARACTERISTICS 

The 87C528 is programmed by using a 
modified Quick-Pulse Programming^” 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALE/PROG pulses. 

The 87C528 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C528 manufactured by Philips. 

Table 3 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 


the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 14 and 15. Figure 16 shows 
the circuit configuration for normal program 
memory verification. 

Quick-Pulse Programming 

The setup for microcontroller quick-pulse 
programming is shown in Figure 14. Note that 
the 87C528 is running with a 4 to 6MHz 
oscillator The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 

The address of the EPROM location to be 
programmed is applied to ports 1, 2 and 3, as 
shown in Figure 14. The code byte to be 


programmed into that location is applied to 
port 0. RST, PSEN and pins of ports 2 and 3 
specified in Table 3 are held at the ’Program 
Code Data’ levels indicated in Table 3. The 
ALE/PROG is pulsed low 25 times as shown 
In Figure 15. 

To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 3FH, using the ’Pgm 
Encryption Table’ levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 

To program the lock bits, repeat the 25 pulse 
programming sequence using the 'Pgm Lock 
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Bif levels. After one lock bit is programmed, 
further programming of the code memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 

Note that the "BAA/pp pin must not be allowed 
to 90 above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 

Program Verification 

If lock bit 2 has not been programmed, the 
on-chip program memory can be read out for 
program verification. The address of the 
program memory locations to be read is 
applied to ports 1, 2 and 3 as shown in Figure 
16. The other pins are held at the ’Verify 
Code Data’ levels indicated in Table 3. The 
contents of the address location will be 
emined on port 0. External pull ups are 
required on port 0 for this operation. 

If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 


know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 

Reading the Signature Bytes 

The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 

{030H) = 15H indicates manufactured by 
Philips 

(031 H) = 97H indicates 87C528 ; 

Program Lock Bits 

The 87C528 has 3 programmable lock bits 
that will provide different levels of protecbon 
for the on-chip code and data (see Table 4). 

Erasing the EPROM also erases the 
encryption array and the program lock bits, 
returning the part to full functionality. 

ProgramA^erify Algorithms 

Any algorithm in agreement with the 
conditions listed in Table 3, and which 
satisfies the timing specifications, is suitable. 


Erasure Characteristics 

Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, it 
is recommended lhal an opaque label be 
placed over Ihe window. For elevated 
temperature or environments where solvents 
are oeing used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/cm2. Exposing the EPROM to an 
ultraviolet lamp of 1 2,000uW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 

Erasure leaves the array in an all 1 s state. 
Signetics Microcontroller Products CMOS 
single-chip 8-bit microcontroller 


TABLE 3. EPROM PROGAMMING MODES 


MODE 

RST 

PSEN 

ALE/PRDG 

E?Wpp 

P2.7 

P2.6 

P3.7 

P3.6 


1 

0 

1 

1 

0 

0 

0 

0 


1 

0 

0* 

Vpp 

1 

0 

1 

1 

Verify code data 

1 

0 

1 

1 

0 

0 

1 

1 

Pgm encryption table 

1 

0 

0* 

Vpp 

1 

0 

1 

0 

Pgm lock bit 1 

1 

0 

0* 

Vpp 

1 

1 

1 

1 

Pgm lock bit 2 

1 

0 

0* 

Vpp 

1 

1 

0 

0 

Pgm lock bit 3 

1 

0 

0* 

Vpp 

0 

1 

0 

1 


NOTES: 

1 . '0' = Valid low for that pin, ‘T = valid high for that pin. 

2. Vpp = 12.75V ±0.25V. 

3. Vcc = 5V ±1 0% during programming and verification. 

* ALE/P Rod receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for lOOps (±10ps) and high for a 
minimum of lOps. 


TABLE 4. 


PROGRAM LOCK BITS^ ^ 

PROTECTION DESCRIPTION 


LB1 

LB2 

LB3 

1 

U 

U 

U 

No Program Lock features enabled. (Code verify will still be encrypted by the Encryption Array if 
programmed.) 

2 

P 

U 

U 

Move instructions executed from external program memory are disabled from fetching code bytes 
from Internal memory, EA is jumped and latched on Reset, and further programming of the EPROM 

Is disabled. 

3 

P 

P 

u 

Same as 2, also verify is disabled. 

4 

P 

P 

p 

Same as 3, external execution is disabled. Internal data RAM is not accessable. 


NOTES: 

1. P - programmed. U - unprogrammed. 
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2. Any other combination of the lock bits is not defined. 
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Vpp 

Programming supply voltage 

Ipp 

Programming supply current 

1/tCLCL 

Oscillator frequency 



Address setup to PROG low 
Address hold after PROG 


Data setup to PROG low 
Data hold after PROG 
P2.7 (ENABLE) high to Vpp 


Vpp setup to PROG low 


Vpp hold after PROG 
PROG width 


Address to data valid 
ENABLE low to data valid 
Data float after ENABLE 
PROG high to PROG low 
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FOR PROGRAMMING VERIFJCATKDN SEE FIGURE 14. 
FOR VERIFICATION CONDITIONS SEE FIGURE 16. 


Figure 17. EPROM Programing and Verfication 



Purchase of Philips’ I^C components conveys a license under the 

Philips’ I^C patent to use the components in the l%-system 

provided the system conforms to the i^C specifications defined by Philips. 
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8XC550 OVERVIEW 

The 8XC550 is a single-chip control oriented 
microcontroller In the 80C51 family. The 
8XC550 has the same basic architecture and 
Instruction set as the Industry standard 
80C51 , with the addition of an eight-channel 
multiplexed 8-bit A/D converter and a 
versatile watchdog timer. 

The part is available In three versions, 
collectively referred to as the 8XC550: the 
83C550 with 4k bytes of masked ROM 
program memory; the 87C550 with 4k bytes 
of EPROM program memory; and the 
80C550 with no on-chip program memory. 
The EPROM version of this device Is 
available in both quartz-lid erasable and 
one-time programmable (OTP) packages. 
Once the EPROM array of the 87C550 is 
programmed, the part will generally be 
functionally equivalent to the masked ROM 
83C550. The watchdog timer setup, however, 
is accomplished in a different manner on the 
ROM part than it is on the EPROM and 
ROMIess parts. Refer to the description of 
the watchdog timer for details. 

The 8XC550 supports two power reduction 
modes of operation referred to as the idle 
mode and the power-down mode. The 
8XC550 features include; 

• 80C51 based architecture 

• Eight-channel multiplexed 8-bit A/D 
converter in the LCC package (six 
channels on the DIP package) 

• 40-microsecond A/D conversion time 
(when used with a 1 2 MHz oscillator) 

• Separate A/D power supply and references 
(LCC part only) 

• Watchdog timer 

• 4k byte ROM or EPROM program memory 

• 128-byte RAM 

• 40-pin DIP and 44-pin LCC packages 

• 24 I/O lines + 8 input only lines on the LCC 
package (24 I/O lines + 6 input only lines 
on the DIP package), port 1 is input only 

• Two 16-bit counter/timers 

• Two external interrupts 

• External memory addressing capability of 
64k program memory and 64k data 
memory 

• Full duplex UART 


• Low power consumption 

- Idle mode 

- Power-down mode 

Differences From the 80C51 

Special Function Registers 
The 8XC550 contains all of the special 
function registers (SFRs) that are present on 
the standard 80C51 . There are several SFRs 
that have been added as well as several 
others that have been modified somewhat in 
order to accommodate the additional 
functions of this chip. 

Table 1 contains a summary of all of the 
SFRs and their addresses. 

The A/D control register (ADCON) and the 
fiJD data register (ADAT) have been added to 
allow access to the on-chip A/D converter. 
ADCON contains all of the control and status 
bits required to operate the A/D converter. 

Four other registers have been added to 
allow control of the watchdog timer function. 
The WDCON register controls watchdog 
timer operation, and WDL holds the watchdog 
timer reload value. The WFEED1 and 
WFEED2 registers, when properly 
manipulated, cause the watchdog timer to be 
reloaded from WDL The current watchdog 
counter value may also be read back from 
the WDL register address. 

I/O Port Structure 

The 8XC550 has the same I/O ports as the 
standard 80C51 with the following 
exceptions: the port 1 pins are shared with 
the A/D converter inputs and are input only 
pins even when the A/D is not being used; 
port 1 has only 6 pins on the DIP version of 
the part. 

A/D Converter 

The LCC packaged versions of the 8XC550 
contain an eight-channel multiplexed 8-bit 
/VD converter, while the DIP versions 
implement only six channels. The conversion 
requires 40 machine cycles (40ps at 1 2MHz 
oscillator frequency). 

The A/D converter is controlled by the A/D 
control register, ADCON. Input channels are 
selected by the analog multiplexer by bits 
ADCON.O through ADCON. 2. The ADCON 
register is not bit addressable. 

The completion of the 8-bit ADC conversion 
is flagged by ADCI in the ADCON register. 


and the result is stored in the special function 
register ADAT. 

An ADC conversion in progress is unaffected 
by an ADC start. The result of a completed 
conversion remains unaffected provided 
ADCI remains at a logic 1 . While ADCS is a 
logic 1 or ADCI is a logic 1 , a new ADC 
START will be blocked and consequently lost. 
An ADC conversion in progress Is aborted 
when the idle or power-down mode is 
entered. The result of a completed 
conversion (ADCI = logic 1) remains 
unaffected when entering the idle mode. See 
Figure 1 for an A/D input equivalent circuit. 

The analog input pins ADC0-ADC7 may still 
be used as digital inputs. The analog input 
channel that is selected by the 
ADDR2-ADDR0 bits in ADCON cannot be 
used as a digital input. Reading the selected 
A/D channel as a digital input will always 
return a 1 . The unselected A/D inputs may 
always be used as digital inputs. 

On RESET the /VD port pins are set to the 
Digital mode and will work as a normal port 
and need no further initialization. To use the 
A/D converter a single byte should be written 
to ADCON which selects the A/D mux and 
concurrently sets the ADCS bit to start the 
A/D conversion. The 40 machine cycles of 
the A/D conversion Include time for signal 
settling after the mux is selected and before 
the Sample and Hold procedure is completed. 

The circuitry which disables the digital buffer 
from the port pin is updated at the start of an 
A/D conversion by setting the ADCS bit In 
ADCON. After powerup, problems will occur 
the first time that ADCON is written to if 
ADCS is not set; in this case, the digital 
signal disable registers contain random data 
and some o the 8 port pins will have their 
digital buffers disabled. When read, these 
disabled buffers will ignore their input and 
only return a 1 . This condition will be 
corrected by writing a 1 to ADCS in ADCON 
which starts and A/D conversion. 

Thus, there are two operating modes: 

1. DIGITAL ONLY - No Analog Inputs are 
used and ADCON is never written to. In 
this case pins ADC0-ADC7 are configured 
as digital inputs. 

2. A/D CONVERTER USED - The input 
multiplexer select field must be written to 
and ADCS must be set in ADCON. This 
allows unselected A/D inputs to be used 
as digital inputs. 
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Table 1 . 8XC550 Special Function Registers 


SYMBOL 

DESCRIPTION 

DIRECT 

ADDRESS 

BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 

MSB LSB 

RESET 

VALUE 

ACC* 

Accumulator 

EOH 

E7 

E6 

E5 

E4 

E3 

E2 

El 

EO 

OOH 

ADAT# 

A/D result 

C6H 









xxH 

ADCON# 

A/D control 

C5H 

- 

- 

- 

ADCI 

ADCS 

AADR2 

AADR1 

AADRO 

xxxOOOOOB 

B* 

B register 

FOH 

F7 

F6 

F5 

F4 

F3 

F2 

FI 

FO 

OOH 

DPTR; 

Data pointer 












(2 bytes); 











DPR 

Fligh byte 

83H 









OOH 

DPL 

Low byte 

82H 

BF 

BE 

BD 

BC 

BB 

BA 

B9 

B8 

OOH 

IP*# 

Interrupt priority 

B8H 


PWD 

PAD 

PS 

PT1 

PX1 

PTO 

PXO 

xOOOOOOOB 




i 





AF 

AE 

AD 

AC 

AB 

AA 

A9 

A8 


IE*# 

Interrupt enable 

A8H 

EA 

EWD 

EAD 

ES 

ET1 

EX1 

ETO 

EXO 

OOH 

PO* 

Porto 

80H 

87 

86 

85 

84 

83 

82 

81 

80 

FFH 

PI* 

Port 1 

90H 

97 

96 

95 

94 

93 

92 

91 

90 

FFH 

P2* 

Port 2 

AOH 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 

FFH 

P3* 

Port 3 

BOH 

B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 

FFH 

PCON# 

Power control 

87H 

SMOD 

SIDL 

- 

- 

GF1 

GFO 

PD 

IDL 

OOxxOOOOB 




D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 


PSW* 

Program status word 

DOH 

CY 

AC 

FO 

RSI 

RSO 

OV 


P 

OOH 

SBUF 

Serial data buffer 

99H 

9F 

9E 

9D 

9C 

9B 

9A 

99 

98 

xxH 

SCON* 

Serial port control 

98H 

SMO 

SMI 

SM2 

REN 

TB8 

RB8 

Tl 

Rl 

OOH 

SP 

Stack pointer 

81H 









07H 




8F 

8E 

8D 

8C 

8B 

8A 

89 

88 

OOH 

ICON* 

Timer counter/control 

88H 

TF1 

TRl 

TFO 

TRO 

IE1 

IT1 

lEO 

ITO 

OOH 






TMOD 

Timer/counter mode 

89H 

GATE 

C/T 

Ml 

MO 

GATE 

C/T 

Ml 

MO 

OOH 

THO 

Timer 0 high byte 

8CH 









OOH 

TH1 

Timer 1 high byte 

8DH 









OOH 

TLO 

Timer 0 low byte 

8AH 









OOH 

TL1 

Timer 1 low byte 

8BH 

C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 

OOH 

WDCON*# 

Watchdog timer 
control 

COH 

PRE2 

PRE1 

PREO 

- 

- 

WDRUN 

WDTOF 

WDMOD 

OOOxxOOOB** 

WDL# 

Watchdog timer 
reload 

C1H 









FFH** 

WFEED1# 

Watchdog timer 
feed 1 

C2H 









xxH 

WFEED2# 

Watchdog timer 
feed 2 

C3H 









xxH 


* SFRs are bit addressable. 

# SFRs are modified from or added to the 80C51 SFRs. 

**This value is not valid for a masked ROM part (83C550) when running from internal memory (EA = 1). See data sheet for details. 
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ADCON Register 


LSB 

X I ADCI I ADCS I AADR2| AADRi | AADR O | 

ADCS Operation 

0 ADC not busy, a 
conversion can be 
started. 

1 ADC busy, start of a new 
conversion is blocked. 

0 Conversion completed, 
start of a new is blocked. 

1 Not possible. 


INPUT CHANNEL SELECTION | 

ADDR2 

ADDR1 

ADDRO 

INPUT 

PIN 

0 

0 

0 

P1.0 

0 

0 

1 

P1.1 

0 

1 

0 

P1.2 

0 

1 

1 

PI. 3 

1 

0 

0 

P1.4 

1 

0 

1 

P1.5 

1 

1 

0 

PI. 6* 

1 

1 

1 

PI. 7* 


AADR2 ADCON.2 Analog input selects. 
AADRI ADCON. 1 Binary coded address 
AADRO ADCON.O selects one of the five 
analog input port pins 
of PI to be input to the 
converter. It can only 
be changed when 
ADCI and ADCS are 
both low. AADR2 is the 
most significant bit. 

Sample A/D Routines 
The following routines demonstrate two 
methods of operating the A/D converter. The 
first method uses polling to determine when 
the A/D conversion is complete. The second 
method uses the A/D interrupt to flag the end 
of conversion. 

The routine ReadAD will start a read of the 
A/D channel identified by R7, and wait for the 
conversion to complete, polling the A/D 
interrupt flag. The result is returned in the 
accumulator. 


Symbol Position Function 

ADCI ADCON.4 ADC interrupt flag. 

This flag is set when 
an ADC conversion is 
complete. If IE.5 = 1, 
an interrupt is 
requested when 
ADCI = I.The ADCI 
flag must be cleared 
by software after A/D 
data is read, before the 
next conversion can 
begin. 

ADCS ADCON.3 ADC start and status. 

Setting this bit starts 
an A/D conversion. 
Once set, ADCS 
remains high 
throughout the 
conversion cycle. On 
completion of the 
conversion, it is reset 
at the same time the 
ADCI interrupt flag is 
set. ADCS cannot be 
reset by software. 


ReadAD: MOV A,#08h 


MOV ADCON,A: 
AD Loop: MOV A, ADCON 


JNB ACC.4,ADLoop 


MOV A.ADAT 


MOV ADCON. #0 
RET 


Basic PJD 
start 

command. 
Add channel 
# to be read. 
Start A/D. 
Get A/D 
status. 

Wait for 

ADCI 

(A/D 

finished). 

Get 

conversion 

result 

Clear ADCI. 


The routine StartAD will start a read of the 
A/D channel identified by R7 and exit back to 
the calling program. When the conversion is 
complete, the A/D interrupt occurs, calling the 
A/D interrupt service routine. The result of the 
conversion is returned in register R6. 


StartAD: MOV A.#08h 


MOV ADCON, A 
RET 


MOV R6,ADAT 


MOV ADCON.#0 
RETI 


Basic A/D 
start 

command. 
Add channel 
# to be read. 
Start A/D. 


A/D interrupt 
address. 

Get 

conversion 

result. 

Clear ADCI. 


Watchdog Timer 

The purpose of the watchdog timer is to reset 
the microcontroller within a reasonable 
amount of time if it enters an erroneous state, 
possibly due to a programming error, 
electrical noise, or RFI. When enabled, the 
watchdog circuit will generate a system reset 
if the user program fails to “feed” (or reload) 
the watchdog within a predetermined amount 
of time. 

The watchdog timer Implemented on the 
8XC550 has a programmable interval and 
can thus be fine tuned to a particular 
application. If the watchdog function is not 
used, the timer may still be used as a 
versatile general purpose timer. 

The watchdog function consists of a 
programmable 1 3-bit prescaler, and an 8-bit 
main timer. The main timer is clocked by a 
tap taken from one of the top 8 bits of the 
prescaler. The prescaler is incremented once 
every machine cycle, or 1/12 of the oscillator 
frequency. Thus, the main counter can be 
clocked as often as once every 64 machine 
cycles or as seldom as once every 8192 
machine cycles. 

When clocked, the main counter decrements. 
If the main watchdog counter reaches zero, a 
system reset will occur. To prevent the 
watchdog timer from under-flowing, the 
watchdog must be fed before it counts down 
to zero. When the watchdog is fed, the 
contents of the WDL register are loaded into 
the main watchdog counter and the prescaler 
Is cleared. 
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Rm = 0.5 - 3 kohms 
CS + CC = 15pF maximum 

RS = Recommended < 9.6 kohms for 1 LSB @ 12MHz 


NOTE: 

Because the analog to digital converter has a sampled-data comparator, the input looks capacitive to a source. When a conversion is 
initiated, switch Sm closes for 8tcy (8ps @ 1 2MHz crystal frequency) during which time capacitance Cs + Cc is charged. It should be 
noted that the sampling causes the analog input to present a varying load to an analog source. 


Figure 1 . A/D Input: Equivalent Circuit 


WDCON Register 


MSB 


LSB 

|PRE2| PREl| 

PREoj X I X |wDRUn|wDTOf|wDMOd| 

Symbol 

Position 

Function 

WDCON.7 

PRE2 

Prescaler select 
(read/write). 

WDCON.6 

PRE1 

These bits select the 

WDCON.5 

PREO 

prescaler divide ratio 
according to the 
following table; 


PRE2 

PRE1 

PREO 

DIVISOR 
(FROM fosc) 

0 

0 

0 

12x64 

0 

0 

1 

12x64x2 

0 

1 

0 

12x64x4 

0 

1 

1 

12x64x8 

1 

0 

0 

12x64x16 

1 

0 

1 

12x64x32 

1 

1 

0 

12x64x64 

1 

1 

1 

12x64 X 128 


WDCON.4 - Not used 

WDCON.3 - Not used 


WDCON. 2 WDRUN Run control (read/ 
write). This bit turns 
the timer on (WDRUN 
= 1)oroff (WDRUN = 
0) if the timer mode 
has been selected. 


WDCON. 1 WDTOF Timeout flag (read 
/write). This bit is set 
when the watchdog 
timer underflows. It is 
cleared by an external 
reset and can be 
cleared by software. 

WDCON.O WDMOD Mode selection (read/ 
write). When WDMOD 
= 1 , the watchdog is 
selected; when 
WDMOD = 0, the timer 
is selected. Selecting 
the watchdog mode 
automatically disables 
power-down mode. 
WDMOD is cleared by 
external reset. Once 
the watchdog mode is 
selected, this bit can 
only be cleared by 
writing a 0 to this bit 
and then performing a 
feed operation. 

A very specific sequence of events must take 
place to feed the watchdog timer; it cannot be 
fed accidentally by a runaway program. The 
following routines demonstrate setting up and 
feeding the watchdog timer. These routines 


apply to all versions of the 8XC550 except 
the ROM part when running from internal 
program memory. 

This routine sets up and starts the watchdog 
timer. This is not necessary for internal ROM 
operation, because setup of the watchdog 
timer on masked ROM parts is accomplished 
directly via ROM mask options. 

SetWD: MOV WDL,#0FFh ;Setwatch- 
;clog 

;reload value. 
MOV WDCON,#OE5;Set up timer 
;prescaler, 
;mode, and 
;run bits. 

ACALL FeedWD ;Start watch- 
;dog with a 
;feed 

;operation. 

RET 

This routine executes a watchdog timer feed 
operation, causing the timer to reload from 
WDL. Interrupts must be disabled during this 
operation due to the fact that the two feed 
registers must be loaded on consecutive 
instruction cycles, ora system reset will occur 
immediately. 
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FeedWD;CLR EA ;This 

;sequence 
;must not be 
^interrupted. 

MOV WFEED1,#0A5h;First 

.instruction 
;of feed 
;sequence. 

MOV WFEED2.#05Ah:Second 
;instruction 
;of feed 
isequence. 

SETB EA ;Turn 

-.interrupts 
;back on. 

RET 

An interrupt is available to allow the 
watchdog timer to be used as a general 
purpose timer in applications where the 
watchdog function is not needed. The timer 
operates in the same manner when used as a 
general purpose timer except that the timer 
interrupt is generated on timer underflow 
instead of a chip reset. Refer to the 87C550 
data sheet for additional information on 
watchdog timer operation. 

Interrupts 

The 8XC550 Interrupt structure is a 
seven-source, two-priority level interrupt 
system similar to that of the standard 80C51 
microcontroller. The interrupt sources are 
listed below in the order of their internal 
polling sequence. This is the order in which 
simultaneous interrupts of the same priority 
level would be serviced. 


Interrupt Priorities 


PRIORITY 

SOURCE 

VECTOR 

ADDRESS 

FUNCTION 

Highest 

INTO 

0003H 

External 
interrupt 0 


TFO 

OOOBH 

Counter/ 
timer 0 
overflow 


INTI 

001 3H 

External 
interrupt 1 


TF1 

001 BH 

Counter/ 
timer 1 
overflow 


TI&RI 

0023H 

Serial port 

transmit/ 

receive 



ADCI 

002BH 

A/D 

converter 

conversion 

complete 

Lowest 

WDTOF 

0033H 

1 

Watchdog 

timer 

overflow 

(only when 

notin 

watchdog 

mode) 


Interrupt Control Registers 

The standard 80C51 interrupt enable and 
priority registers have been modified slightly 
to take into account the additional interrupt 
sources of the 8XC550. 

Interrupt Enable Register 


MSB 


LSB 

1 EA 1 EWD 

1 EAd| ES 

1 ETI 1 EXI 1 ETO 1 EXO | 

Symbol Position 

Function 

EA 

IE.7 

Global interrupt enable 

EWD 

IE.6 

Watchdog timer 
overflow 

EAD 

IE.5 

A/D conversion 
complete 

ES 

IE.4 

Serial port transmit or 
receive 

ET1 

IE.3 

Timer 1 overflow 

EX1 

IE.2 

External interrupt 1 

ETO 

IE.1 

Timer 0 overflow 

EXO 

lE.O 

External interrupt 0 

Interrupt Priority Register 

MSB 


LSB 

1 - 1 PWD 

1 PAD 1 PS 

1 PTI 1 PTI 1 PXO 1 PXO 1 


Symbol 

Position 

Function 

PWD 

IP.6 

Watchdog timer 

PAD 

IP.5 

A/D conversion 

PS 

IP.4 

Serial port interrupt 

PTI 

IR3 

Timer 1 interrupt 

PX1 

IP.2 

External interrupt 1 

PTO 

IP.1 

Timer 0 interrupt 

PXO 

IP.O 

External interrupt 0 

Power-Down and idle Modes 


The 8XC550 includes the standard 80C51 
power-down and idle modes of reduced 
power consumption. In addition, the 8XC550 


includes an option to separately turn off the 
serial port for extra power savings when It is 
not needed. Also, the individual functional 
blocks such as the counter/timers are 
automatically disabled when they are not 
running. This actually turns off the clocks to 
the block in question, resulting in additional 
power savings. Note that when the watchdog 
timer is operating, the processor is inhibited 
from entering the power-down mode. This is 
due to the fact that the oscillator is stopped in 
the power-down mode, which would 
effectively turn off the watchdog timer. In 
keeping with the purpose of the watchdog 
timer, the processor is prevented from 
accidentally entering power-down due to 
some erroneous operation. 

Power Control Register 

MSB LSB 

I SMOd| SIDL I - I - I GF1 I GFO I PD I IDl] 


Symbol 

Position 

Function 

SMOD 

PCON.7 

Double baud rate bit. 
When set to a 1 and 
Timer 1 is used to 
generate baud rate, 
and the serial port Is 
used in modes 1 , 2, 
or 3. 

Symbol 

Position 

Function 

SIDL 

PCON.6 

Separately idles the 
serial port for 
additionalpower 
savings. 

- 

PCON.5 

Reserved 

- 

PCON.4 

Reserved 

GF1 

PCON.3 

General-purpose flag 
bit. 

GFO 

PCON.2 

General-purpose flag 
bit. 

PD 

PCON.1 

Power-down bit. 
Starting this bit 
activates power-down 
operation. 

IDL 

PCON.O 

Idle mode bit. Setting 
this bit activates idle 
mode operation. 

If 1 s are written to PD 

and IDL at the same 

time, PD takes precedence. 
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with A/D and watchdog timer 


80C550/83C550/87C550 


DESCRIPTION 

The Philips 8XC550 is a high-performance 
microcontroller fabricated with Philips 
high-density CMOS technology. This Philips 
CMOS technology combines the high speed 
and density characteristics of HMOS with the 
low power attributes of CMOS. Philips 
epitaxial substrate minimizes latch-up 
sensitivity. The CMOS 8XC550 has the same 
instruction set as the 80C51 . 

The 8XC550 contains a 4k x 8 EPROM 
(87C550)/ROM (83C550)/ROMIess (80C550 
has no program memory on-phip), a 128 x 8 
RAM, 8 channels of 8-bit A/D^f^r 8-bit ports 
(port 1 is input only), a watchdog timer, two 
16-bit counter/timers, a seven-source, 
two-priority level nested interrupt structure, a 
serial I/O port for either multi-processor 
communications, I/O expansion or full duplex 
UART, and an on-chip oscillator and clock 
circuits. 

In addition, the 8XC550 has two software 
selectable modes of power reduction — Idle 
mode and power-down mode. The Idle mode 
freezes the CPU while allowing the RAM, 
timers, serial port, and Interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be inoperative. 


FEATURES 

• 80C51 based architecture 

- 4k X 8 EPROM (87C550)/ 
ROM (83C550) 

- 128x8 RAM 

- Eight channels of 8-blt A/D 

- Two 1 6-bit counter/timers 

- Watchdog timer 

- Full duplex serial channel 

- Boolean processor 

• Memory addressing capability 

- 64k ROM and 64k RAM 

• Power control modes : 

- Idle mode 

“ Power-down mode 

• CMOS and TTL compatible 

• One speed range at 
Vcc = 5V ±10% 

- 3.5 to 16MHz 

• Four package styles 

• Extended temperature ranges 

• OTP package available 


PIN CONFIGURATIONS 


AVnc/Vref+rn 


mvcc 


AVss/Vref-[T 

pi.o/adco|T 
P1.1/ADC1 [T 
P1.2/ADC2|T 
P1.3/ADC3[? 
Pl.4/ADC4|y 
P1.5/ADC5[T 
RST[9 
RxD/P3.0 
TXD/P3.1 
fRTO/P3.2 [l2 
nm/P3.3 [« 
T0/P3.4 
T1/P3.5 
WR/P3.6 
RD/P3.7 
XTAL2 
XTAL1 
Vss[m 


^ PO.O/ADO 
^ P0.1/AD1 
^ P0.2/AD2 
^ P0.3/AD3 
^ P0.4/AD4 
^ P0.5/AD5 
^ P0.6/AD6 
P0.7/AD7 
^EA/Vpp 
^ ALE/PRDG 
^ PSER 
^ P2.7/A15 
^ P2.6/A14 
^ P2.5/A13 
^ P2.4/A12 
^ P2.3/A11 
^ P2.2/A10 
^ P2.1/A9 
^ P2.0/A8 


CERAMIC 

AND 

PLASTIC 

DUAL 

IN-UNE 

PACKAGE 




D [X, 


17 d 


CERAMIC 
AND 
PLASTIC 
LEADED CHIP 
CARRIER 


P 39 


P 29 


rr 


XT 


Pin Function 

1 AVcc 

2 Vref+ 

3 Vref- 

4 AVss 

5 PI.CVADCO 

6 P1.1/ADC1 

7 P1.2/A0C2 

8 P1.3/A[X:3 

9 P1.4/ADC4 

10 P1.&ADC5 

11 P1.6/ADC6 

12 P1.7/ADC7 

13 RST 

14 P3.(yRxD 

15 P3.1/TxD 


Pin 

Function 

16 

P3.2/IITn5 

17 

P3.3/IfJTT 

18 

P3.4/T0 

19 

pa.sn'i 

20 

P3.6/WR 

21 

P3.7/RD 

22 

XTAL2 

23 

XTAL1 

24 

Vss 

25 

P2.0/A8 

26 

P2.1/A9 

27 

P2.2/A10 

28 

P2.3/A11 

29 

P2.4/A12 

30 

P2.5/A13 


Pin 

Function 

31 

P2.6/A14 

32 

P2.7/A15 

33 

PSEN 

34 

ALE/PROG 

35 

ETWpp 

36 

P0.7/AD7 

37 

P0.6/AD6 

38 

P0.5/AD5 

39 

P0.4/AD4 

40 

P0.3/AD3 

41 

P0.2/AD2 

42 

P0.1/AD1 

43 

PO.O/ADO 

44 

Vcc 
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80C550/83C550/87C550 


TEMPERATURE RANGE °C 
AND PACKAGE i 


0 to +70. Ceramic Dual In-Line Package, UV 


0 to +70, Ceramic Leaded Chip Carrier, UV 


0 to +70, Plastic Dual In-Line Package, OTP 


0 to +70. Plastic Leaded Chip Carrier, OTP 


FREQ 

MHz 

DRAWING 

NUMBER 

3.5 to 16 


3.5 to 16 

1 1472A 


3.5 to 16 

0403G 

3.5 to 16 

0415C 

3.5 to 16 


3.5 to 16 
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80C550/83C550/87C550 


PIN DESCRIPTION 



PIN NO. 



MNEMONIC 

DIP 

LCC 

TYPE 

NAME AND FUNCTION 

Vss 

20 

24 

1 

Ground: OV reference. 

Vcc 

40 

44 

1 

Power Supply: This is the power supply voltage for normal, idle, and power-down operation. 

AVcc 

1 

1 

1 

Analog Power Supply: Analog supply voltage. 

AVss 

2 


1 

Analog Ground: Analog OV reference. 

Vref+ 


2 

1 

Vref: A/D converter reference level inputs. Note that these references are combined with AVcx; and 

Vref- 


3 

1 

AVss ih the 40-pin DIP package. 

PO.0-0.7 

39-<32 

43-36 

I/O 

Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have Is written to them float 
and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order address and 
data bus during accesses to external program and data memory. In this application, it uses strong 
internal pull-ups when emitting 1 s. Port 0 also outputs the code bytes during program verification in 
the S87C550. External pull-ups are required during program verification. 

P1.0-P1.7 

3-8 

5-12 

1 

Port 1 : Port 1 is an 8-bit input only port (6-bit In the DIP package; bits P1 .6 and PI .7 are not 
implemented). Port 1 digital input can be read out any time. 

ADC0-ADC7 

3-S 

5-12 


ADCx: Inputs to the analog multiplexer input of the 8-bit A/D. There are only six A/D inputs in the 

DIP package. 

P2.a-P2.7 

21-28 

25-32 

I/O 

Port 2: Port 2 is an 8-bit bidirectional I/O port with Internal pull-ups. Port 2 pins that have Is written 
to them are pulled high by the internal pull-ups and can be used as Inputs. As inputs, port 2 pins that 
are externally being pulled low will source current because of the internal pull-ups. (See DC 

Electrical Characteristics: I|l). Port 2 emits the high-order address byte during fetches from external 
program memory and during accesses to external data memory that use 16-bit addresses (MOVX 
<2>DPTR). In this application, it uses strong internal pull-ups when emitting 1s. During accesses to 
external data memory that use 8-bit addresses (MOV <2)Ri), port 2 emits the contents of the P2 
special function register. 

P3.0-P3.7 

10-17 

14-21 

I/O 

Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have Is written 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins that 
are externally being pulled low will source current because of the pull-ups. (See DC Electrical 
Characteristics: I|l). Port 3 also serves the special features of the SC80C51 family, as listed below: 


10 

14 

1 

RxD (P3.0): Serial input port 


11 

15 

o 

TxD (P3.1): Serial output port 


12 

16 

1 

Into (P3.2): External interrupt 


13 

17 

1 

INTi (P3.3): External interrupt 


14 

18 

1 

TO (P3.4): Timer 0 external input 


15 

19 

I 

T1 {P3.5): Timer 1 external input 


16 

20 

o 

WR (P3.6): External data memory write strobe 


17 

21 

o 

T?D (P3.7): External data memory read strobe 

RST 

9 

13 

1 

Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. An 
internal diffused resistor to Vss permits a power-on reset using only an external capacitor to Vcc- 

ALE/PROG 

30 

34 

I/O 

Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the address 
during an access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6 
the oscillator frequency, and can be used for external timing or clocking. Note that one ALE pulse is 
skipped during each access to external data memory. This pin is also the program pulse input 
(PROG) during EPROM programming. 

PSER 

29 

33 

o 

Program Store Enable: The read strobe to external program memory. When the device is 
executing code from the external program memory, PSEN is activated twice each machine cycle, 
except that two PSEN activations are skipped during each access to external data memory. PSEN is 
not activated during fetches from internal program memory. 

EAA/pp 

31 

35 

1 

External Access Enable/Programming Supply Voltage: EA must be externally held low to enable 
the device to fetch code from external program memory locations OOOOH to OFFFH. If EA is held 
high, the device executes from internal program memory unless the program counter contains an 
address greater than OFFFH. For the 80C550 ROMIess part, EA must be held low for the part to 
operate properly. This pin also receives the 12.75V programming supply voltage (Vpp) during 

EPROM programming. 

XTAL1 

19 

23 

1 

Crystal 1 ; Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 

XTAL2 

18 

22 

o 

Crystal 2: Output from the inverting oscillator amplifier. 


Decembr29, 1992 


702 





Philips Semiconductors Microcontroller Products 


Product specification 


CMOS single-chip 8-bit microcontroller 
with A/D and watchdog timer 


80C550/83C550/87C550 


Table 1 . Interrupt Priorities 
I PRIORITY I SOURCE I VECTC 


SOURCE 

VECTOR ADDRESS 

FUNCTION 

INTO 

0003H 

External interrupt 0 

TO 

OOOBH 

Timer flag 0 

TNTT 

001 3H 

External interrupt 1 

T1 

001 BH 

Timer flag 1 

SIO 

0023H 

Serial port interrupt 

ADC 

002BH 

A/D conversion complete 

WD 

0033H 

Watchdog timer 


INTERRUPTS 

The interrupt structure is a seven source, two 
level interrupt system similar to that of the 
80C51 . The interrupt sources are listed in 
Table 1 in order of polling sequence priority 
(highest to lowest). Note that the watchdog 
timer function Is available only if the 
watchdog timer function is disabled and the 
watchdog timer is used as a general purpose 
timer. 

Interrupt Control Registers 

The Interrupt enable and the interrupt priority 
registers have been modified to take into 
account the different Interrupt sources of the 
8XC550. In all other respects, their operation 
is identical to that of the 80C51 . Setting a bit 
in the IE register enables the interrupt; 
clearing the bit disables the interrupt. All bits 
are cleared by reset. See Figure 1 for 
interrupt register formats. 


SERIAL COMMUNICATIONS 

The serial port operation is identical to that of 
the 80C51 . In order to conserve power, 
another bit (SIDL) has been added to the 
PCON register that idles the serial port when 
it is not being used. This bit is cleared by 
reset. See Figure 2. 


A/D CONVERTER 

The analog input circuitry consists of an 
8-input analog multiplexer and an 
analog-to-digital converter with 8-bit 
resolution. In the LCC package, the analog 
reference voltage and analog power supplies 
are connected via separate input pins; In the 
DIP package, Vref+ is combined with AVcc 
and Vref- Is combined with AVss- The analog 
inputs are alternate functions to port 1 , which 
is an input only port. Digital input to port 1 
can be read any time during an A/D 
conversion. Care should be exercised in 
mixing analog and digital signals on port 1 , 
because cross talk from the digital input 
signals can degrade the A/D conversion 
accuracy of the analog input. An A/D 
conversion requires 40 machine cycles. 

The A/D converter is controlled by the 
ADCON special function register. The input 
channel to be converted is selected by the 
analog multiplexer by setting ADCON register 
bits, ADDR2-ADDR0 (see Figure 3). These 
bits can only be changed when ADCI and 
ADCS are both low. 

The completion of the 8-bit ADC conversion 
Is flagged by ADCI in the ADCON register 
and the result is stored in the special function 


register ADAT The functions of the ADCI and 
ADCS are: 


ADCI ADCS 

0 0 


Operation 

ADC not busy. A conver- 
sion can be started. 

ADC busy. Start of a new 
conversion is blocked. 
Conversion completed, 
start of new conversion 
is blocked. 

Not possible. 


An ADC conversion in progress is unaffected 
by a software ADC start. The result of a 
completed conversion remains unaffected 
provided ADCI remains at a logic 1 . While 
ADCS is a logic 1 or ADCI is a logic 1 , a new 
ADC START will be blocked and 
consequently lost. An A/D conversion in 
progress will be aborted when the idle or 
power-down mode is entered. The result of a 
completed conversion (ADCI = logic 1) 
remains unaffected when entering the idle 
mode, but will be lost if power-down mode is 
entered. 


MSB INTERRUPT ENABLE REGISTER (IE) LSB 

EA I EWO I EAD I ES I ETi I EXi I ETO I EXO I 


INTERRUPT PRIORITY REGISTER (IP) LSB 


X PWD PAD PS PT1 PX1 PTO PXO 


BIT 

SYMBOL 

FUNCTION 

BIT 

SYMBOL 

FUNCTION 

1E.7 

EA 

GLOBAL INTERRUPT DISABLE WHEN EA= 0 

IP.6 

PWD 

WATCHDOG TIMER 

IE.6 

EWD 

WATCHDOG TIMER OVERFLOW 

IP.5 

PAD 

A/D CONVERTER 

1E.5 

EAD 

M) CONVERSION COMPLETE 

IP.4 

PS 

SIO INTERRUPT 

IE.4 

ES 

SIO INTERRUPT 

IP.3 

PT1 

T1 INTERRUPT 

IE.3 

ETI 

TIER 1 OVERFLOW 

IP.2 

PX1 

INTT INTERRUPT 

IE.2 

EXI 

EXTERNAL INTERRUPT 1 

IP.1 

PTO 

TO INTERRUPT 

IE.1 

ETO 

TIMER 0 OVERFLOW 

IP.O 

PXO 

INTO INTERRUPT 

lE.O 

EXO 

EXTERNAL INTERRUPT 0 





The interrupt priority register function is identical to that of the 80C51 .AT’ sets that interrupt to the high 
priority level and a ‘O’ sets the interrupt to the low priority level. 


Figure 1. Interrupt Registers 
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MSB LSB 


SMOD 

SIDL 

X 

X 

GF1 

GFO 

PD 

IDL 


BIT 

SYMBOL 

FUNCTION 

PCON.7 

SMOD 

DOUBLE BAUD RATE 

PCON.7 

SIDL 

SERIAL PORT IDLE 

PCX)N.5 

X 

RESERVED FOR FUTURE USE 

PCON.4 

X 

RESERVED FOR FUTURE USE 

PC0N.3 

GF1 

GENERAL PURPOSE FLAG BIT 

PCON.2 

GFO 

GENERAL PURPOSE FLAG BIT 

PCON.1 

PD 

POWER DOWN BIT 

PCON.O 

IDL 

IDLE MODE BIT 


NOTE: 

The PCON register is at SFR byte address 87H. Its contents foilowing 
a reset are OOXXOOOO. 


Figure 2. Power Control Register (PCON) 


MSB LSB 


X 

X 

X 

Aoa 

ADCS 

AADR2 

AADR1 

AADRO 


INPUT CHANNEL SELECTtON 


ADDR2 

ADDR1 

ADDRO 

INPUT PIN 

0 

0 

0 

ADCO 

0 

0 

1 

ADCI 

0 

1 

0 

ADC2 

0 

1 

1 

ADCS 

1 

0 

0 

ADC4 

1 

0 

1 

ADCS 

1 

1 

0 

ADCS 

1 

1 

1 

ADC7 


BIT 

SYMBOL 

ADCON.7 

— 

ADCON.6 

— 

ADCON.5 

— 

ADCON.4 

ADCI 


ADCON.3 

ADCS 

ADCON.2 

ADDR2 

ADCON.1 

ADDR1 

ADCON.O 

ADDRO 


FUNCTION 


NOT USED 
NOT USED 
NOT USED 


ADC INTERRUPT FLAG. This flag is set when an ADC conversion 
result is rea^ to be read. An interrupt is invoked if the A/D interrupt 
is enabled. The flag must be dearea by software. It cannot be set 
by software. 

ADC START AND STATUS. Setting this flag starts an A/D convers- 
ion. The ADC logic insures that this signal is high while the /UX is 
busy. On completion of the conversion. ADCS is reset at the same 
time the interrupt fiM ADCI is set. ADCS cannot be reset by software. 
ANALOG INPUT S^ECT 2 


ANALOG INPUT SELECT 1 
ANALOG INPUT SELECT 0 


Figure 3. A/D Control Register (ADCON) 


WATCHDOG TIMER 

The watchdog timer is not directly loadable 
by the user. Instead, the value to be loaded 
into the main timer is held in an autoload 
register or is part of the mask ROM 
programming. In order to cause the main 
timer to be loaded with the appropriate value, 
a special sequence of software action must 
take place. This operation is referred to as 
feeding the watchdog timer. 

To feed the watchdog, two instructions must 
be sequentially executed successfully. No 
Intervening instruction fetches are allowed, so 
interrupts should be disabled before feeding 
the watchdog. The instructions should move 
ASH to the WFEED1 register and then 5AH 
to the WFEED2 register. If WFEED1 is 
correctly loaded and WFEED2 is not correctly 
loaded, then an immediate underflow will 
occur. 

The watchdog timer subsystem has two 
modes of operation. Its principal function is a 
watchdog timer. In this mode it protects the 
system from incorrect code execution by 
causing a system reset when the watchdog 
timer underflows as a result of a failure of 
software to feed the timer prior to the timer 
reaching its terminal count. If the user does 
not employ the watchdog function, the 
watchdog subsystem can be used as a timer. 
In this mode, reaching the terminal count sets 
a flag which can be used to generate an 
interrupt. In most other respects, the timer 
mode possesses the characteristics of the 
watchdog mode. This is done to protect the 
integrity of the watchdog function. 


The watchdog timer subsystem consists of a 
prescaler and a main counter. The prescaler 
has 8 selectable taps off the final stages and 
the output of a selected tap prowctes the 
clock to the main counter. The main counter 
is the section that is loaded as a result of the 
software feeding the watchdog and it is the 
section that causes the system reset 
(watchdog mode) or time-out flag to be set 
(timer mode) if allowed to reach its terminal 
count. 

Programming the Watchdog Timer 

Both the EPROM and ROM devices have a 
set of SFRs for holding the watchdog 
autoload values and the control bits. The 
watchdog time-out flag Is present in the 
watchdog control register and operates the 
same in all versions. In the EPROM device, 
the watchdog parameters (autoload value 
and control) are always taken from the SFRs. 
In the ROM device, the watchdog parameters 
can be mask programmed or taken from the 
SFRs. The selection to take the watchdog 
parameters from the SFRs or from the mask 
programmed values is controlled by EA 
(external access). When EA is high (internal 
ROM access), the watchdog parameters are 
taken from the mask programmed values. If 
the watchdog is masked programmed to the 
timer mode, then the autoload values and the 
pre-scaler taps are taken from the SFRs. 
When EA is low (external access), the 
watchdog parameters are taken from the 
SFRs. The user should be able to leave code 
in his program which Initializes the watchdog 
SFRs even though he has migrated to the 
mask ROM part. This allows no code 


changes from EPROM prototyping to ROM 
coded production parts. 

Watchdog Detailed Operation 

EPROM Device (and ROMIess Operation: 
EA = 0) 

In the ROMIess operation (ROM part, EA = 0) 
and in the EPROM device, the watchdog 
operates in the following manner. 

Whether the watchdog is In the watchdog or 
timer mode, when external RESET is applied, 
the following takes place; 

• Watchdog mode bit set to timer mode. 

• Watchdog run control bit set to OFF. 

• Autoload register set to FF (max count). 

• Watchdog time-out flag cleared. 

• Prescaler is cleared. 

• Prescaler tap set to the highest divide. 

• Autoload takes place. 

The watchdog can be fed even though it is in 
the timer mode. 

Note that the operational concept is for the 
watchdog mode of operation, when coming 
out of a hardware reset, the software should 
load the autoload registers, set the mode to 
watchdog, and then feed the watchdog 
(cause an autoload). The watchdog will now 
be starting at a known point. 

If the watchdog is in the watchdog mode and 
running and happens to underflow at the time 
the external RESET is applied, the watchdog 
time-out flag will be cleared. 
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When the watchdog is in the watchdog mode 
and the watchdog underflows, the following 
action takes place: 

• Autoload takes place. 

• Watchdog time-out flag is set 

• Timer mode interrupt flag unchanged. 

• Mode bit unchanged. 

• Watchdog run bit unchanged. 

• Autoload register unchanged. 

• Prescaler tap unchanged. 

• All other device action same as external 
reset. 

Note that if the watchdog underflows, the 
program counter will start from OOH as in the 
case of an external reset. The watchdog 
time-out flag can be examined to determine if 
the watchdog has caused the reset condition. 
The watchdog time-out flag bit can be cleared 
by software. 

When the watchdog is in the timer mode and 
the timer software underflows, the following 
action takes place: 

• Autoload takes place. 

• Watchdog time-out flag is set 

• Mode bit unchanged. 

• Watchdog run bit unchanged. 

• Autoload register unchanged. 

• Prescaler tap unchanged. 

The timer mode interrupt flag is cleared when 
the interrupt routine is invoked. This bit can 
also be cleared directly by software without a 
software feed operation. 

Mask ROM Device (EA = 1) 

In the mask ROM device, the watchdog mode 
bit (WDMOD) is mask programmed and the 
bit in the watchdog command register is read 
only and reflects the mask programmed 
selection. If the mask programmed mode bit 
selects the timer mode, then the watchdog 
run bit (WDRUN) operates as described 
under EPROM Device. If the mask 
programmed bit selects the watchdog mode, 
then the watchdog run bit has no effect on the 
timer operation. 

Watchdog Function 

The watchdog consists of a programmable 
prescaler and the main timer. The prescaler 
derives its clock from the on-chip oscillator. 
The prescaler consists of a divide by 1 2 


followed by a 13 stage counter with taps from 
stage 6 through stage 13. The tap selection is 
programmable. The watchdog main counter 
is a down counter clocked (decremented) 
each time the programmable prescaler 
underflows. The watchdog generates an 
underflow signal (and is autoloaded) when 
the watchdog is at count 0 and the clock to 
decrement the watchdog occurs. The 
watchdog is 8 bits long and the autoload 
value can range from 0 to FFH. (The 
autoload value of 0 is permissible since the 
prescaler Is cleared upon autoload). 

This leads to the following user design 
equations. Definitions :tosc is the oscillator 
period, N Is the selected prescaler tap value, 
W is the main counter autoload value, twiN is 
the minimum watchdog time-out value (when 
the autoload value is 0), tMAX is the maximum 
time-out value (when the autoload value is 
FFH), to is the design time-out value. 

twiN = lose X 12x64 

twAX = tMiN X 128 X 256 

to = twiN X X W 

(where prescaler = 0, 1 , 2, 3, 4, 5, 6, or 7) 

Note that the design procedure is anticipated 
to be as follows. A t^AX will be chosen either 
from equipment or operation considerations 
and will most likely be the next convenient 
value higher than to- (If the watchdog were 
inadvertently to start from FFH, an overflow 
would be guaranteed, barring other 
anomalies, to occur within t^Ax)- Then the 
value for the prescaler would be chosen from: 

prescaler = log2 (tMAX > (bsc x 1 2 x 256)) - 6 

This then also fixes Imin. An autoload value 
would then be chosen from: 

W = tD/tMIN“1 

The software must be written so that a feed 
operation takes place every to seconds from 
the last feed operation. Some tradeoffs may 
need to be made. It is not advisable to 
include feed operations in minor loops or in 
subroutines unless the feed operation is a 
specific subroutine. 

Watchdog Control Register (WDCON) 

(Bit Addressable) Address CO 

The following bits of this register are read 
only in the ROM part when EA Is high: 
WDMOD, PREO, PRE1, and PRE2. That is. 
the register will reflect the mask programmed 
values. In the ROM part with EA high, these 


bits are taken from mask coded bits and are 
not readable by the program. WDRUN is read 
only In the ROM part when EA is high and 
WDMOD is in the watchdog mode. When 
WDMOD is in the timer mode, WDRUN 
functions normally (see Figure 4). 

The parameters written into WDMOD, PREO. 
PRE1 , and PRE2 by the program are not 
applied directly to the watchdog timer 
subsystem. The watchdog timer subsystem is 
directly controlled by a second register which 
stores these bits. The transfer of these bits 
from the user register (WDMOD) to the 
second control register takes place when the 
watchdog is fed. This prevents random code 
execution from directly foiling the watchdog 
function. This does not affect the operation 
where these bits are taken from mask coded 
values. 


OSCILLATOR 

CHARACTERISTICS 

XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown In the Block Diagram, 
page 701). 

To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 


IDLE MODE 

In idle mode, the CPU puts itself to sleep 
while ail of the on-chip peripherals except the 
A/D stay active, the instruction to invoke the 
idle mode is the last instruction executed in 
the normal operating mode before the idle 
mode is activated. An A/D conversion in 
progress will be aborted when idle mode is 
entered. The CPU contents, the on-chip 
RAM. and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 
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PRE2 

PREl 

PREO 

X 

X 

WDRUN 

WDTOF 

WDMOD 


BIT SYMBOL 
WDCON.7 PRE2 
WDCON.6 PREl 
WDCON.5 PREO 


FUNCTION 

PRESCALER SELECT (READ/WRITE) 

PRESCALER SELECT (READ/WRITE 

PRESCALER SELECT (READ/WRITE). These bits select the prescaler 
divide ratb according to the following table: 


PRE2 

PRE1 

PREO 

DIVISOR 
(FROM lose) 

0 

0 

0 

12X64 

0 

0 

1 

12X64X2 

0 

1 

0 

12X64X4 

0 

1 

1 

12X64X8 

1 

0 

0 

12X64X16 

1 

0 

1 

12X64X32 

1 

1 

0 

12X64X64 

1 

1 

1 

12X64X128 


WDCON.4 - NOT USED 

WDCON.3 - NOT USED 

WDCON.2 WDRUN RUN CONTROL (READ/WRITE). This bit turns the timer on (WDRUN = 1) 
or off (WDRUN = 0) if the timer mode has been selected. 

WDCON.1 WDTOF TIMEOUT FLAG (READ/WRITE). This bit is set when the watchdog timer 

underflows. It is cleared by an external reset and can be cleared by software. 

WDCON.O WDMOD MODE SELECTION (READ/WRITE). When WDMOD - 1 . the watchdog 

mode is seleaed; when WDMOD a: 0, the timer mode is selected. Selecting 
the watchdog mode automatically disables power-down mode. WDMOD is 
cleared by external reset. Once the watchdog rrxxJe is selected, this bit can 
only be cleared by writing a 0 to this bit and then performing a feed operation. 


Figure 4. Watchdog Control Register (WDCON) 


Programmable Idle Modes 

The programmable idle modes have been 
dispersed throughout the functional blocks. 
Each block has Its own ability to be disabled. 
For example, if timer 0 is not commanded to 
be running (TR = 0), then the clock to the 
timer is disabled resulting In an idle mode 
power saving. An additional idle control bit 
has been added to the serial communications 
port. 

A/D Operation in Idle Mode 

When in the idle mode, the A/D converter will 
be disabled. However, the current through the 
Vref pins will be present and will not be 
reduced internally in either the idle or the 
power-down modes. It is the responsibility of 
the user to disconnect Vref to reduce power 
supply current. 


POWER-DOWN MODE 

In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
The power-down mode can be terminated by 
a Reset In the same way as in the 80C51 . 
The control bits for the reduced power modes 
are In the special function register PCON. 


DESIGN CONSIDERATIONS 

At power-on, the voltage on Vcc and RST 
must come up at the same time for a proper 
start-up. 


When the idle mode Is terminated by a 
hardware reset, the device normally resumes 
program execution, from where it left off, up 
to two machine cycles before the internal 
reset algorithm takes control. On-chip 
hardware inhibits access to internal RAM in 
this event, but access to the port pins is not 
inhibited. To eliminate the possibility of an 
unexpected write when idle Is terminated by 
reset, the instruction following the one that 
invokes idle should not be one that writes to a 
port pin or to external memory. Table 2 shows 
the state of I/O ports during low current 
operating modes. 


Table 2. External Pin Status During idle and Power-Down Modes 


MODE 

PROGRAM MEMORY 

ALE 

PSER 

PORTO 

PORT1 

PORT 2 

PORTS 

Idle 

Internal 

1 

1 

Data 

Data 

Data 

Data 

Idle 

External 

1 

1 

Float 

Data 

Address 

Data 

Power-down 

Internal 

0 

0 

Data 

Data 

Data 

Data 

Power-down 

External 

0 

0 

Float 

Data 

Data 

Data 
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Encryption Table 

The encryption table is a feature of the 
83C550 and 87C550 that protects the code 
from being easily read by anyone other than 
the programmer. The encryption table is 32 
bytes of code that are exclusive NORed with 
the program code data as it is read out. The 
first byte is XNORed with the first location 
read, the second with the second read, etc. 

After the encryption table has been 
programmed, the user has to know its 
contents In order to correctly decode the 
program code data. The encryption table 
itself cannot be read out. 

For the EPROM (87C550) part, the 
encryption table is programmed in the same 
manner as the program memory, but using 
the “Pgm Encryption Table" levels specified in 
Table 4. After the encryption table is 


programmed, verification cycles will produce 
only encrypted information. 

For the ROM part (83C550) the encryption 
table information is submitted with the ROM 
code as shown in Table 3. 

Lock Bits 

There are two lock bits on the 83C550 and 
87C550 that, when set, prevent the program 
data memory from being read out or 
programmed further. 

After the first lock bit is programmer, the 
external MOVC instruction is disabled, and 
for the 87C550, further programming of the 
code memory or the encryption table is 
disabled. The other lock bit can of course still 
be programmed. With only lock bit one 
programmed, the memory can still be read 
out for program verification. After the second 
lock bit is programmed, it is no longer 


possible to read out (verify) the program 
memory. 

To program the lock bits for the 87C550, 
repeat the programming sequence using the 
“Pgm Lock Bit” levels specified in Table 4. For 
the masked ROM 83C550 the lock bit 
information is submitted with the ROM code 
as shown in Table 3. 

ROM Code Submission 

When submitting a ROM code for the 
83C550, the following must be specified: 

1 . The 4k byte user ROM program. 

2. The 32 byte ROM encryption key. 

3. The ROM lock bits. 

4. The watchdog timer parameters. 

This information can be submitted in an 
EPROM (2764) or hex file with the format 
specified in Table 3. 


Tabie 3. ROM Code Submittal Requirements 


ADDRESS 

CONTENT 

BIT(s) 

COMMENT 

OOOOHtoOFFFH 

Data 

7:0 

User ROM data 

lOOOHto 101 FH 

Key 

7:0 

ROM encryption key; FFH = no encryption 

1020H 

Lock 

0 

ROM lock bit 1 

1020H 

Lock 

1 

ROM lock bit 2 

0 = enable security feature 

1 = disable security feature 

1030H 

WMOD 

0 

Watchdog mode bit; 

OOH = timer mode 

01 H = watchdog mode 

1031 H 

PRE2:0 

2:0 

Watchdog prescaler selection ; 

OOH = divide by 1 2 x 64 

07H = divide by 12 x 64 x 128 
(see spedfication) 

1032H 

WD 

7:0 

Watchdog autoload value 
(see spedfication) 
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Product specification 


CMOS single-chip 8-bit microcontroller 
with A/D and watchdog timer 


80C550/83C550/87C550 


Electrical Deviations from Commercial Specifications for Extended Temperature Range 

DC and AC parameters not included here are the same as in the commercial temperature range table. 


DC ELECTRICAL CHARACTERISTICS 

Tamb = to -r85°C. Vqc = 5V ±10% (87C550), Vqc = 5V ±20% (80/83C550), Vgs = OV 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

LIMITS 

UNIT 

MIN 

MAX 

V,L 

Input low voltage, except EA 


-0.5 

0.2Vcc-0.15 

V 

V,L1 

Input low voltage to EA 


0 

0.2Vc(r-0.35 

V 

V.H 

Input high voltage, except XTAL1 , RST 



Vcc+0-5 

V 

ViH1 

Input high voltage to XTAL1, RST 


0.7Vcc+0.1 

Vcc+0.5 

V 

l|L 

Logical 0 input current, ports 2, 3 

V,fg = 0.45V 


-75 

pA 

Itl 

Logical 1-to-O transition current, ports 2, 3 

V,N = 2.0V 


-750 

pA 

•cc 

Power supply current: 

Active mode 

Idle mode 

Power down mode 

Vec = 4.5-5.5V, 
Frequency range = 

3.5 to 16MHz 


35 

6 

50 

mA 

mA 

pA 


ADC DC ELECTRCIAL CHARACTERISTICS 

AVcc = 5V ±10%, AVss = OV, Tamb = -40°C to 85°C, unless othenwise specified 




TEST 

LIMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

MAX 

UNIT 

AVcc 

Analog supply 

AVcc = Vcc± 0.2 

4.5 

5.5 

V 

Vref 

Analog reference; AVref-n AVref- 


AVss -0.2 

AVcc + 0.2 

V 

Alec 

Analog operating supply current 

See note 1 


m^^Qiiiiiiiiiii 


AV,n 

Analog input voltage 


AVss -0.2 


V 

Aic. CiA 

Analog input capacitance 



15 

PF 

tADS 

Sampling time 



8tcY 


tADC 

Conversion time 





Ae 

Absolute voltage error 



±1.5 

iiSB 

Era 

Relative accuracy 



±1 


OSe 

Offset error 

See note 1 


±10 

mV 

Ge 

Gain error 

See note 1 


0.4 

% 

Mere 

Channel-to-channel matching 



±1 

LSB 

Ct 

Crosstalk 

0- 100kHz 


-60 

dB 

Rref 

Resistance between AVref-^ and AVref- 


1.0 

10.0 


AIid 

Idle mode supply current 

See note 4 


50 

pA 

AlpD 

Power down supply current 

See note 4 


50 

pA 


NOTES: 


1 . Conditions: Vref+ = 4.9971 2V, Vref- = OV. Alec value does not include the resistor ladder current. For the 40-pin package, where the Vref- 
inputs are connected to AVcc and AVss, the current Alec will be increased by the register ladder current and may exceed the maximum 
shown here. 

2. The resistor ladder network Is not disconnected in the power-down or idle modes. Thus to conserve power, the user must remove AVcc and 
Vref-h. 

3. If the A/D function is not required, or if the A/D function is only needed periodically, AVcc can be removed without affecting the operation of 
the digital circuitry. Contents of ADCON and ADAT are not guaranteed to be valid. Digital inputs PI .0 to PI .7 will not function normally. No 
digital outputs are present on these pins. 

4. For this test, the Analog inputs must be at the supplies (either Vqd or Vss)- 
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Product specification 


CMOS single-chip 8-bit microcontroller 
with A/D and watchdog timer 


80C550/83C550/87C550 


ABSOLUTE MAXIMUM RATINGS' ^ ^ 


PARAMETER 

RATING 

UNIT 

Operating temperature under bias 

-40 to +85 

°C 

Storage temperature range 

-65 to +150 

°c 

Voltage on EAA/pp pin to Vss (87C550 only) 

0 to +13.0 

V 

Voltage on any other pin to Vss 

-0.5 to +6.5 

V 

Input, output current on any two I/O pins 

±10 

mA 

Power dissipation (based on package heat transfer limitations, not device power consumption) 

1.5 

W 


NOTES: 


1 . Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry spedfically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise spedfied. All voltages are with respect to Vss unless othenvise 
noted. 


DC ELECTRICAL CHARACTERISTICS 

Tamb = 0°C to +70°C or -40°C to -i-85°C, Vcc = 5V ±10% (87C550). Vcc = 5V ±20% (80/83C550), Vss = OV 




TEST 

UMITS 



PARAMETER 

CONDITIONS 

MIN 

TYPICAL^ 



|V,L 

Input low voltage, except EA^ 


-0.5 


0.2Vcc-0.1 

V 


Input low voltage to 


0 


0.2VCC-0.3 

V 

|V,H 

Input high voltage, except XTAL1 , RST^ 




Vcc+0 5 

V 


Input high voltage, XTAL1, RST^ 


HBEH 


Vcc+0.5 

V 

K 

Output low voltage, ports 2, 3 

Iql = f .6mA^ 



0.45 

V 


Output low voltage, port 0, ALE, PSEN 




0.45 

V 


Output high voltage, ports 2, 3. ALE. PSEN^ 

Iqh = -60pA, 

2.4 



V 



loH = -25pA 

0.75Vcc 



V 



Iqh = -10|iA 

0-9Vcc 



V 


Output high voltage (port 0 in external bus mode) 

Iqh - — 800pA, 

2.4 



n 



Iqh = — 300jiA 

0.75VCC 






Iqh = -80pA 

0.9Vcc 




IlL 

Logical 0 input current, ports 1, 2, 3^ 

V,N = 0.45V 



-50 


Itl 

Logical 1-to-O transition current, ports 1, 2, 3^ 

See note 4 



-650 

pA 

Ili 

Input leakage current, port 0 

V|N = V|L or V|H 



±10 

pA 

be 

Power supply current (does not include Alcc):^ 

Active mode <§> 16MHz® 

See note 6 


11.5 

25 

mA 


Idle mode@ 16MHz 



1.3 

5 

mA 


Power down mode 



3 

50 

pA 

Rrst 

Internal reset pull-down resistor 


50 


300 

kO 

Cio 

Pin capacitance (I/O pins only) 




10 

pF 


NOTES: 

1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 

2. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the Vqls of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-O transitions during bus operations. In the 
worst cases (capacitive loading > lOOpF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STRO BE input. 

3. Capacitive loading on ports 0 and 2 may cause the Vqh on ALE and PSEN to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 

4. Pins of ports 2 and 3 source a transition current when they are being externally driven from 1 to 0. The transition current reaches its 
maximum value when V|n is approximately 2V. 

5. IccMAX at other frequencies is given by: Active mode; IccMAX = 1 .43 x FREQ -t- 1 .90: Idle mode; IccMAX = 0.14 x FREQ +2.31 , 
where FREQ Is the external oscillator frequency in MHz. IccMAX is given in mA. See Figure 12. 

6. See Figures 13 through 16 for Ice test conditions. 

7. These values apply only to Tamb = 0°C to +70°C. For Tamb = -40°C to +85°C. See table on previous page. 
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CMOS single-chip 8-bit microcontroller 
with A/D and watchdog timer 


Product specification 


80C550/83C550/87C550 


AC ELECTRICAL CHARACTERISTICS 

Tamb = 0°c to +7(y>C or -40°C to +85°C, Vcc = 5V ±10% (87C550), Vcc = 5V ±20% (80/83C550), Vss = OV'’ = 


PARAMETER 


Address hold after ALE low 
ALE low to valid instruction in 
ALE low to PSEN low 


PSEN pulse width 


PSEN low to valid instruction in 
Input instruction hold after PSEN 
Input instruction float after PSeN 


Address to valid instruction in 


16 MHz CLOCK 


1/tcLCL 

5 

Oscillator frequency: Speed Versions 
S8XC550 Exx 

fLHLL 

5 

ALE pulse width 

Wll 

5 

Address valid to ALE low 


VARIABLE CLOCK 


2tcLCL“40 


tCLCL-55 


tcLCL-35 


tCLCL-40 

3tcLCL-45 


4tcLCL~100 



5tcLCL-105 


fWHLH 

External Cl k 

tCHCX 
tCLCX 


fCLCH 

tcHCL 




WR pulse width 




High time 


Low time 


Rise time 


StcLCL-lOO 


StcLCL^lOO 



Serial port clock cycle time 


8 Output data setup to clock rising edge 
8 Output data hold after clock rising edge 
8 Input data hold after clock rising edge 


I fxHDV I 8 I Clock rising edge to input data valid | | 492 | 

NOTES: 

1 . Parameters are valid over operating te mperat ure range unless othenwise specified. 

2. Load capacitance for port 0, ALE, and PSEN = 1 0OpF, load capacitance for all other outputs = 80pF. 


'IOfcLCL-'133 I 


Decembr 29, 1 992 


710 


































































Philips Semiconductors Microcontroller Products 


Product specification 


CMOS single-chip 8-bit microcontroller 
with A/D and watchdog timer 


80C550/83C550/87C550 


EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has five characters. The Q - Output data 
first character is always T (= time). The other R - HD signal 

characters, depending on their positions, t - Time 

indicate the name of a signal or the logical V - Valid 

status of that signal. The designations are; W - WR signal 

A - Address X - No longer a 

C - Clock 2 - Float 

D - Input data Examples: tAVLL 

H - Logic level high 

I - Instruction (program memory contents) tLLPi 

L - Logic level low, or ALE 
P - PSOT 


t - Time 
V - Valid 
W- WR signal 

X - No longer a valid logic level 
2 - Float 

Examples: Iavil = Time for address valid 
to ALE low. 

tiLPL = Time for ALE low to 
PSEN low. 



m 


PORTO 

V """ ^ 



^ tAVIV 


PORT 2 

A0-A15 A8-A15 


Figure 5. External Program Memory Read Cycle 














Figure 7. External Data Memory Write Cycle 


INSTRUCTION | 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 

|<-txLXL 




IXHDV \* q I 


Figure 8. Shift Register Mode Timing 
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NOTE: 

AC inputs during testing are driven at Vqq -0.5 for a logic ‘1 ' and 0.45V for a logic 'O'. 
Timing measurements are made at V|h min for a logic '1 ' and V|[_ for a logic 'O'. 

Figure 10. AC Testing Input/Output 



NOTE: 

For timing purposes, a port is no longer floating when a lOOmV change from load 
voltage occurs, and begins to float when a lOOmV change from the loaded Vqh/ 
VqL occurs. loH/IOLii-SOmA. 

Figure 11. Float Waveform 



MAX ACTIVE MODE 


TYP ACTIVE MODE 


4MHz 8MHz 12MHz l6MHz 


Figure 12. Iqc vs. FREQ (Commercial Temp. Range) 
Valid only within frequency specifications 
of the device under test 
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(NC)- 
CLOCK SIGNAL- 



vec 

RST 

PO 


EA 

XTAL2 


XTAL1 


Vss 



Figure 1 3. ice Condition, Active Mode 
All other pins are disconnected 



Vcc-«.5 - 
0.45V - 



Figure 15. Clock Signal Waveform for Ice Tests in Active and Idle Modes 
fcLCH = tcHCL = 5ns 


RST 

Vec 


PO 


EA 

XTAL2 


XTAL1 


vss 



Figure 16. lee Test Condition, Power Down Mode 
All other pins are disconnected. 

Vee = 2V to 5.5V. 
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CMOS single-chip 8-bit microcontroller 
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EPROM CHARACTERISTICS 

The 87C550 is programmed by using a 
modified Quick-Pulse Programming^” 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALE/PRoG pulses. 

The 87C550 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
S87C550 manufactured by Philips. 

Table 4 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 17 and 18. Figure 19 shows 
the circuit configuration for normal program 
memory verification. 

Quick-Pulse Programming 

The setup for microcontroller quick-pulse 
programming is shown in Figure 1 7. Note that 
the 87C550 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 

The address of the EPROM location to be 
programmed is applied to ports 2 and 3, as 
shown in Figure 17. The code byte to be 
programmed into that location is applied to 
port 0. RST, PSEN and pins of ports 1 and 2 
specified in Table 4 are held at the ‘Program 
Code Data’ levels indicated in Table 4. The 
ALE/P ROG is pulsed low 25 times as shown 
in Figure 18. 


To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 1FH, using the ‘Pgm 
Encryption Table’ levels. Do not forget that 
after the encryption table Is programmed, 
verification cycles will produce only encrypted 
data. 

To program the security bits, repeat the 25 
pulse programming sequence using the ‘Pgm 
Security Bit’ levels. After one security bit is 
programmed, further programming of the 
code memory and encryption table is 
disabled. However, the other security bit can 
still be programmed. 

Note that the ETWpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 

Program Verification 

If security bit 2 has not been programmed, 
the on-chip program memory can be read out 
for program verification. The address of the 
program memory locations to be read is 
applied to ports 2 and 3 as shown in 
Figure 19. The other pins are held at the 
'Verify Code Data' levels indicated in Table 4. 
The contents of the address location will be 
emitted on port 0. External pull-ups are 
required on port 0 for this operation. 

If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature Bytes 

The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that Pi .0 
and PI .1 need to be pulled to a logic low. The 
values are. 

(030H) = 15H indicates manufactured by 
Philips 

(031 H) = 96H indicates S87C550 

Program/Verify Algorithms 

Any algorithm in agreement with the 
conditions listed in Table 4, and which 
satisfies the timing specifications, is suitable. 

Erasure Characteristics 

Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, it 
is recommended that an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/cm2. Exposing the EPROM to an 
ultraviolet lamp of 1 2,OOOuW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 

Erasure leaves the array In an all 1 s state. 


Table 4. EPROM Programming Modes 


MODE 

RST 

P5ER 

ALE/PROG 


P2.7 

P2.6 

P1.1 

P1.0 

Read signature 

1 

0 

1 

1 

0 

0 

0 

0 

Program code data 

1 

0 

0* 

Vpp 

1 

0 

1 

1 

Verify code data 

1 

0 

1 

1 

0 

0 

1 

1 

Pgm encryption table 

1 

0 

0* 

Vpp 

1 

0 

1 

0 

Pgm security bit 1 

1 

0 

0* 

Vpp 

1 

1 

1 

1 

Pgm security bit 2 

1 

0 

0* 

Vpp 

1 

1 

0 

0 


NOTES: 

1 . ’0’ = Valid low for that pin, ’ 1 ’ = valid high for that pin. 

2. Vpp = 12.75V±0.25V. 

3. Vcc = 5V±1 0% during programming and verification. 

ALE/PROG receives 25 programming pulses while Vpp is held at 1 2.75V. Each programming pulse is low for 100p,s (±10p.s) and high for a 
minimum of lOps. 


^Trademark phrase of Intel Corporation. 
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ALE/PROG: 0 


•■■“LTLTLr 

H F — lOOnSilO— 


Figure 18. PROG Waveform 


\ 

yVQ— A7 y P3 

AVcc — f : I 
vcc — ' 

Po irN 


V 

1/ 

PGM Data 

1 ^ RST 

-| ^ 0 

EA/Vpp ^ 



ALE/PROG ^ — 


1 >1 Pi.i 

o/Ut>9U rotN ^ 




0 PMAPr'c 

I XTAL2 

4-6MHZ 1 1 J 

P2,7 

P2.6 *■ 

0 

I— XTALI 

/I 

P2.0-P2.4 C 

A8-A11 

’ AVss 

N 


’ vss 



Figure 19. 

Program Verification 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 

Tamb = 21°C to +27°C. Vcc = 5V±10%. Vgs = OV (See Figure 20) 

SYMBOL PARAMETER 

Vpp Programming supply voltage 


Programming supply current 


Oscillator frequency 


Address setup to PHOG low 


Address hold after PROG 


Data setup to PROG low 


Data hold after PROG 

P2.7 (ENABLE) high to Vpp 

Vpp setup to PROG low 


Vpp hold after PROG 


PROG width 
Address to data valid 
ENABLE low to data valid 




PROG high to PROG low 




FOR PROGRAMMING VERIFICATION, SEE FIGURE 17. 
FOR VERIFICATION CONDITIONS. SEE FIGURE 19. 


Figure 20. EPROM Programming and Verification 
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80C51 Family Derivatives 


8XC552/562 overview 


8XC552 OVERVIEW 

The 8XC552 is a stand-alone 
high-performance microcontroller designed 
for use in real-time applications such as 
instrumentation, industrial control, and 
automotive control applications such as 
engine management and transmission 
control. The device provides, in addition to 
the 80C51 standard functions, a number of 
dedicated hardware functions for these 
applications. 

The 8XC552 single-chip 8-bit microcontroller 
Is manufactured in an advanced CMOS 
process and is a derivative of the 80C51 
microcontroller family. The 8XC552 uses the 
powerful Instruction set of the 80C51 . 
Additional special function registers are 
incorporated to control the on-chip 
peripherals. Three versions of the derivative 
exist although the generic term “8XC552” is 
used to refer to family members: 

83C552: 8k bytes mask-programmable 
ROM, 256 bytes RAM 

87C552: 8k bytes EPROM, 256 bytes RAM 

80C552: ROMIess version of the 83C552 

The 8XC552 contains a nonvolatile 8k x 8 
read-only program memory, a volatile 256 x 8 
read/write data memory, five 8-bit I/O ports 
and one 8-bit Input port, two 16-bit 
timer/event counters (identical to the timers of 
the 80C51 ), an additional 16-bit timer coupled 
to capture and compare latches, a 
fifteen-source, two-priority-level, nested 
interrupt structure, an 8-input ADC, a dual 
DAC pulse width modulated interface, two 
serial interfaces (DART and I^C bus), a 
“watchdog” timer, and on-chip oscillator and 
timing circuits. For systems that require extra 
capability, the 8XC552 can be expanded 
using standard TTL compatible memories 
and logic 

The 8XC552 has two software selectable 
modes of reduced activity for further power 
reduction — Idle and Power-down. The idle 
mode freezes the CPU and resets Timer T2 
and the ADC and PWM circuitry but allows 
the other timers, RAM, serial ports, and 
interrupt system to continue functioning. The 
power-down mode saves the RAM contents 
but freezes the oscillator, causing all other 
chip functions to become Inoperative. 


83C562 OVERVIEW 

The 83C562 has been derived from the 
8XC552 with the following changes: 

• The SI01 (I^C) interface has been omitted. 

• The output of port lines PI. 6 and PI. 7 
have a standard configuration instead of 
open drain. 

• The resolution of the A/D converter is 
decreased from 10 bits to 8 bits. 

• The time of an A/D conversion has 
decreased from 50 machine cydes to 24 
machine cycles. 

All other functions, pinning and packaging are 
unchanged. 

This chapter of the users’ guide can be used 
for the 83C562 by omitting or changing the 
following: 

• Disregard the description of SI01 (I^C). 

• The SFRs for the interface: SI ADR, 

SI DAT, S1STA, and SI CON are not 
Implemented. The two SI01 related flags 
ESI in SFR lENO and PS1 in SFR IPO are 
also not implemented. These two flag 
locations are undefined after RESET. The 
interrupt vector for SI01 is not used. 

• Port lines PI .6 and PI .7 are not open drain 
but have the same standard configuration 
and electrical characteristics as P1.0-P1.5. 
Port lines PI .6 and PI .7 have alternative 
functions. 

• The A/D converter has a resolution of 8 bits 
instead of 10 bits and consequently the two 
high-order bits 6 and 7 of SFR ADCON are 
not implemented. These two locations are 
undefined after RESET. The 8-bit result of 
an A/D conversion is present In SFR 
ADCH. The result can always be calculated 
from the formula: 


256 X 


VlN-AVref- 
AVref+ — AVref- 


The A/D conversion time is 24 machine 
cycles instead of 50 machine cycles, and 
the sampling time Is 6 machine cycles 
instead of 8 machine cycles. The 
conversion time takes 3 machine cycles 
per bit. 

• The serial I/O function SlOO and its SFRs 
SOBUF and SOCON are renamed to SIO, 


SBUR and SCON. The interrupt related 
flags ESO and PSO are renamed ES and 
PS. Interrupt source SO is renamed S. The 
serial I/O function remains the same. 

Differences From the 80C51 

Program Memory 

The 8XC552 contains 8k bytes of on-chip 
program memory which can be extended to 
64k bytes with external memories (see 
Figure 1 ). When the EA pin is held high, the 
8XC552 fetches instructions from internal 
ROM unless the address exceeds 1 FFFH. 
Locations 2000H to FFFFH are fetched from 
external program memory. When the EA pin 
is held low, ail instruction fetches are from 
external memory. ROM locations 00031-1 to 
0073H are used by interrupt service routines. 

Data Memory 

The internal data memory is divided into 3 
sections: the lower 128 bytes of RAM, the 
upper 128 bytes of RAM, and the 1 28-byte 
special function register areas. The lower 1 28 
bytes of RAM are directly and indirectly 
addressable. While RAM locations 128 to 255 
and the special function register area share 
the same address space, they are accessed 
through different addressing modes. RAM 
locations 1 28 to 255 are only indirectly 
addressable, and the spedal function 
registers are only directly addressable. All 
other aspects of the internal RAM are 
identical to the 8051 . 

The stack may be located anywhere in the 
Internal RAM by loading the 8-bit stack 
pointer. Stack depth is 256 bytes maximum. 

Special Function Registers 
The special function registers (directly 
addressable only) contain all of the 8XC552 
registers except the program counter and the 
four register banks. Most of the 56 special 
function registers are used to control the 
on-chip peripheral hardware. Other registers 
Include arithmetic registers (ACC, B, PSW), 
stack pointer (SP), and data pointer registers 
(DHP, DPL). Sixteen of the SFRs contain 128 
directly addressable bit locations. Table 14 
lists the 8XC552’s special function registers. 

The standard 80C51 SFRs are present and 
function Identically in the 8XC552 except 
where noted in the following sections. 
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Timer 12 

Timer T2 is a 16-bit timer consisting of two 
registers TMH2 (HIGH byte) and TML2 (LOW 
byte). The 16-bit timer/counter can be 
switched off or clocked via a prescaler from 
one of two sources: fosc/1 2 or an external 
signal. When Timer T2 is configured as a 
counter, the prescaler Is clocked by an 
external signal on T2 (P1.4). A rising edge on 
T2 increments the prescaler, and the 
maximum repetition rate is one count per 
machine cycle (1 MHz with a 1 2MHz 
oscillator). 

The maximum repetition rate for Timer T2 is 
twice the maximum repetition rate for Timer 0 
and Timer 1. T2 (PI. 4) is sampled at S2P1 
and again at S5P1 (i.e., twice per machine 
cycle). A rising edge is detected when T2 is 
LOW during one sample and HIGH during the 
next sample. To ensure that a rising edge is 
detected, the input signal must be LOW for at 
least 1/2 cycle and then HIGH for at least 1/2 
cycle. If a rising edge is detected before the 
end of S2P1 , the timer will be incremented 
during the following cycle; otherwise it will be 
inaemented one cycle later. The prescaler 


has a programmable division factor of 1 , 2, 4, 
or 8 and is cleared if its division factor or 
input source is changed, or if the 
timer/counter is reset. 

Timer T2 may be read “on the fly" but 
possesses no extra read latches, and 
software precautions may have to be taken to 
avoid misinterpretation in the event of an 
overflow from least to most significant byte 
while Timer T2 is being read. Timer T2 is not 
loadable and is reset by the RST signal or by 
a rising edge on the input signal RT2, if 
enabled. RT2 is enabled by setting bit T2ER 
(TM2CON.5). 

When the least significant byte of the timer 
overflows or when a 16-bit overflow occurs, 
an interrupt request may be generated. Either 
or both of these overflows can be 
programmed to request an interrupt. In both 
cases, the interrupt vector will be the same. 
When the lower byte (TML2) overflows, flag 
T2B0 (TM2CON) is set and flag T20V 
(TM2IR) is set when TMH2 overflows. These 
flags are set one cycle after an overflow 
occurs. Note that when T20V is set, T2B0 will 
also be set. To enable the byte overflow 


interrupt, bits ET2 (IEN1 .7, enable overflow 
interrupt, see Figure 2) and T2IS0 
(TM2CON.6, byte overflow interrupt select) 
must be set. Bit TWBO (TM2CON.4) is the 
Timer T2 byte overflow flag. 

To enable the 16-bit overflow interrupt, bits 
ET2 (IE1.7, enable overflow interrupt) and 
T2IS1 (TM2CON.7, 1 6-bit overflow interrupt 
select) must be set. BitT20V (TM2IR.7) is 
the Timer T2 16-bit overflow flag. All interrupt 
flags must be reset by software. To enable 
both byte and 16-bit overflow. T2IS0 and 
T2IS1 must be set and two interrupt service 
routines are required. A test on the overflow 
flags indicates which routine must be 
executed. For each routine, only the 
corresponding overflow flag must be cleared. 

Timer T2 may be reset by a rising edge on 
RT2 (P1 .5) if the Timer T2 external reset 
enable bit (T2ER) in T2CON is set. This reset 
also clears the prescaler. In the idle mode, 
the timer/counter and prescaler are reset and 
halted. Timer T2 is controlled by the 
TM2CON special function register (see 
Figure 3). 
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Table 1 . 8XC552 Special Function Registers 


SYMBOL 

DESCRIPTION 

DIRECT 

ADDRESS 

BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 

MSB LSB 

RESET 

VALUE 

ACC* 

Accumulator 

EOH 

E7 

E6 

E5 

E4 

E3 

E2 

El 

EO 

OOH 

ADCH# 

A/D converter high 

C6H 









xxxxxxxxB 

ADCON# 

Adc control 

C5H 

ADC.1 

ADC.O 

ADEX 

ADCI 

ADCS 

AADR2 

AADR1 

AADRO 

xxOOOOOOB 

B* 

B register 

FOR 

F7 

F6 

F5 

F4 

F3 

F2 

FI 

FO 

OOH 

CTCON# 

Capture control 

EBH 

CTN3 

CTP3 

CTN2 

CTP2 

CTN1 

CTP1 

CTNO 

CTPO 

OOH 

CTH3# 

Capture high 3 

CFH 









xxxxxxxxB 

CTH2# 

Capture high 2 

CEH 









xxxxxxxxB 

CTH1# 

Capture high 1 

CDH 









xxxxxxxxB 

CTHO# 

Capture high 0 

CCH 









xxxxxxxxB 

CMH2# 

Compare high 2 

CBH 









OOH 

CMH1# 

Compare high 1 

CAM 









OOH 

CMHO# 

Compare high 0 

C9H 









OOH 

CTL3# 

Capture low 3 

AFH 









xxxxxxxxB 

CTL2# 

Capture low 2 

AEH 









xxxxxxxxB 

CTL1# 

Capture low 1 

ADH 









xxxxxxxxB 

CTLO# 

Capture low 0 

ACH 









xxxxxxxxB 

CML2# 

Compare low 2 

ABH 









OOH 

CML1# 

Compare low 1 

AAH 









OOH 

CMLO# 

Compare low 0 

A9H 









OOH 

DPTR: 

Data pointer 












(2 bytes) 











DPH 

Data pointer high 

83H 









OOH 

DPL 

Data pointer low 

82H 

AF 

AE 

AD 

AC 

AB 

AA 

A9 

A8 

OOH 

lENO*# 

Interrupt enable 0 

A8H 

EA 

EAD 

ESI 

ESO 

ET1 

EX1 

ETO 

EXO 

OOH 




EF 

EE 

ED 

EC 

EB 

EA 

E9 

E8 


IEN1*# 

Interrupt enable 1 

E8H 

ET2 

ECM2 

ECM1 

ECMO 

ECT3 

ECT2 

ECT1 

ECTO 

OOH 




BF 

BE 

BD 

BC 

BB 

BA 

B9 

B8 


IPO*# 

Interrupt priority 0 

B8H 

- 

PAD 

PS1 

PSO 

PT1 

PX1 

PTO 

PXO 

xOOOOOOOB 




FF 

FE 

FD 

FC 

FB 

FA 

F9 

F8 


IP1*# 

Interrupt priority 1 

F8H 

PT2 

PCM2 

PCM1 

PCMO 

PCT3 

PCT2 

PCT1 

PCTO 

OOH 

P5# 

Ports 

C4H 

ADC7 

ADC6 

ADCS 

ADC4 

ADC3 

ADC2 

ADCI 

ADCO 

xxxxxxxxB 




C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 


P4# 

Port 4 

COM 

CMT1 

1 CMTO 1 

CMSR5 1 

1 CMSR4 1 

1 CMSR3 

1 CMSR2 

CMSR1 

1 CMSRO 

FFH 




B7 

B6 

BS 

B4 

B3 

B2 

B1 

BO 


P3* 

Port 3 

BOH 

m 

WR 

T1 

1 

TRTT 

INTO 

TXD 

RXD 

FFH 




A7 

A6 

AS 

A4 

A3 

A2 

A1 

AO 


P2* 

Port 2 

AOH 

A15 

A14 

A13 

A12 ] 

All 

A10 

A9 

A8 

FFH 




97 

96 

9S 

94 

93 

92 

91 

90 


PI* 

Port 1 

90H 

SDA 

SCL 1 

RT2 

T2 

CT3I 

CT2I 

1 CT1I 

CTOI 

FFH 




87 

86 

8S 

84 

83 

82 

81 

80 


PO* 

Port 0 

80H 

AD7 

AD6 

ADS 

AD4 

AD3 

AD2 

ADI 

ADO 

FFH 

PCON# 

Power control 

87H 

SMOD 

- 

- 

WLE 

GF1 

GFO 

PD 

IDL 

OOxxOOOOB 




D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 


PSW* 

Program status word 

DOH 

CY 1 

AC 1 

-Joj 

1 RSI 1 

1 RSO 1 

ov 1 

FI 1 

P 

OOH 


* SFRs are bit addressable. 

# SFRs are modified from or added to the 80C51 SFRs. 


March 1993 


720 





Philips Semiconductors 80C51 -Based 8-Bit Microcontrollers 


80C51 Family Derivatives 


8XC552/562 overview 


Table 1 . 8XC552 Special Function Registers (Continued) 


SYMBOL 

DESCRIPTION 

DIRECT 

ADDRESS 

BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 

MSB LSB 

RESET 

VALUE 

PWMP# 

PWM prescaler 

FEH 









OOH 

PWM1# 

PWM register 1 

FDH 









OOH 

PWMO# 

PWM register 0 

FCH 









OOH 

RTE# 

Reset/toggle enable 

EFH 

TP47 

TP46 

RP45 

RP44 

RP43 

RP42 

RP41 

RP40 

OOH 

SP 

Stack pointer 

81H 









07H 

SOBUF 

Serial 0 data buffer 

99H 









xxxxxxxxB 




9F 

9E 

9D 

9C 

9B 

9A 

99 

98 


SOCON* 

Serial 0 control 

98H 

SMO 

SMI 

SM2 

REN 

TB8 

RB8 


Rl 

OOH 

S1ADR# 

Serial 1 address 

DBH 

SLAVE ADDRESS 

GC 

OOH 

SIDAT# 

Serial 1 data 

DAH 


OOH 

S1STA# 

Serial 1 status 

D9H 

SC4 

SC3 

SC2 

SCI 

SCO 

0 

0 

0 

F8H 




DF 

DE 

DD 

DC 

DB 

DA 

D9 

D8 


SICONr 

Serial 1 control 

D8H 

CR2 

ENS1 

STA 

STO 

SI 

AA 

CR1 

CRO 

OOH 

STE# 

Set enable 

EEH 

TG47 

TG46 

SP45 

SP44 

SP43 

SP42 

SP41 

SP40 

COH 

TH1 

Timer high 1 

8DH 









OOH 

THO 

Timer high 0 

8CH 









OOH 

TL1 

Timer low 1 

8BH 









OOH 

TLO 

Timer low 0 

8AH 









OOH 

TMH2# 

Timer high 2 

EDH 









OOH 

TML2# 

Timer low 2 

ECH 









OOH 

TMOD 

Timer mode 

89H 

GATE 

c/r 

Ml 

MO 

GATE 

C/T 

Ml 

MO 

OOH 




8F 

8E 

8D 

8C 

8B 

8A 

89 

88 


ICON* 

Timer control 

88H 

TF1 

TR1 

TFO 

TRO 

1E1 

IT1 

lEO 

ITO 

OOH 

TM2CON# 

Timer 2 control 

EAR 

T2IS1 

T21S0 

T2ER 

T2B0 

T2P1 

T2P0 

T2MS1 

T2MS0 

OOH 




CF 

CE 

CD 

CC 

CB 

CA 

C9 

C8 


TM2IR# 

Timer 2 int flag reg 

C8H 

T20V 1 

CMI2 

1 CMI1 

CMIO 1 

CTI3 1 

CT12 1 

1 CTI1 

1 CTIO 

OOH 

T3# 

Timer 3 

FFH 


OOH 


SFRs are bit addressable. 

# SFRs are modified from or added to the 80C51 SFRs. 


7 

6 

5 

4 

3 

2 

1 

0 

1 i 

ECM2 

ECMI 

1 ECMO 1 

ECT3 

1 ECT2 

1 \ 

1 ECTO 1 


(MSB) 


(LSB) 


Bit 

Symbol 

Function 

IEN1.7 

ET2 

Enable Timer T2 overflow interrupt(s} 

1EN1.6 

ECM2 

Enable T2 Comparator 2 inten'i^t 

IEN1.5 

ECMI 

Enable T2 Comparator 1 interrupt 

IEN1.4 

ECMO 

Enable T2 Comparator 0 interrupt 

IEN1.3 

ECT3 

Enable T2 Capture register 3 interrupt 

IEN1.2 

ECT2 

Enable T2 Capture register 2 interrupt 

IEN1.1 

ECTl 

Enable T2 Capture register 1 interrupt 

IEN1.0 

ECTO 

Enable T2 Capture register 0 interrupt 


Figure 2. Timer T2 Interrupt Enable Register (IEN1) 
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7 

6 

5 

4 

3 

2 

1 

0 

TM2CON 1 

1 T2IS1 1 

T2IS0 

T2ER 

T2BO 

1 T2P1 1 

1 T2PO 1 

T2MS1 

T2MS0 


(EAH) 

(MSB) (LSB) 


Bit 

Symbol 

Function 

TM2CON.7 

T2IS1 

Tinner T2 IS-bit overflow interrupt select 

TM2CON.6 

T2IS0 

Timer T2 byte overflow interrupt select 

TM2CON.5 

T2ER 

Timer T2 external reset enable. When this bit is 
set, Timer T2 may be reset by a rising edge on 
RT2(P1.5). 

TM2CON.4 

T2BO 

Timer T2 byte overflow interrupt flag 

TM2CON.3 

T2P1 "I 


TM2CON.2 

T2P0 J 

Timer T2 prescaler select 


T2P1 

T2P0 

Timer T2 aock 

0 

0 

Clock source 

0 

1 

Clock source/2 

1 

0 

Clock source/4 

1 

1 

Clock source/B 

T2MS1 T 
T2MSO J 

Timer T2 mode select 

T2MS1 

T2MSO 

Mode Setected 

0 

0 

Timer T2 halted (o^ 

0 

1 

T2 clock source = fosc^'i^ 

1 

0 

Test mode; do not use 

1 

1 

T2 clock source = pin T2 


Figure 3. T2 Control Register (Tiyi2CON} 


Tinier T2 Extension: When a 12MHz 
oscillator is used, a 1 6-bit overflow on Timer 
T2 occurs every 65.5, 131 , 262, or 524 ms, 
depending on the prescaler division ratio; i.e., 
the maximum cycle time is approximately 0.5 
seconds. In applications where cycle times 
are greater than 0.5 seconds, it is necessary 
to extend Timer T2. This is achieved by 
selecting fosc/1 2 as the dock source (set 
T2MS0, reset T2MS1), setting the prescaler 
division ration to 1/8 (set T2P0, set T2P1), 
disabling the byte overflow interrupt (reset 
T2IS0) and enabling the 16-bit overflow 
interrupt (set T2IS1). The following software 
routine is written for a three-byte extension 
which gives a maximum cyde time of 


approximately 

2400 hours. 

OVINT; PUSH 

ACC ;save accumulator 

PUSH 

PSW :save status 

INC 

TIMEX1 ;increment first 


;byte (low order) 


;of extended timer 

MOV 

A,TIMEX1 

JNZ 

INTEX :jump to INTEX if 


ithere is no 
;overflow 


INC 

TIMEX2 ;increment second 
;byte 

MOV 

A,TIMEX2 

JNZ 

INTEX ;]umptolNTEXif 
;there is no 
;overflow 

INC 

TIMEX3 ;increment tfiird 
;byte (high order) 

INTEX: CLR 

T20V ;reset interrupt 
iflag 

POP 

PSW ;restore status 

POP 

ACC ;restore 

accumulator 

RETI 

;return from 
iinterrupt 


Timer T2, Capture and Compare Logic: 

Timer T2 is connected to four 16-bit capture 
registers and three 16-bit compare registers. 
A capture register may be used to capture 
the contents of Timer T2 when a transition 
occurs on its corresponding input pin. A 
compare register may be used to set, reset, 
or toggle port 4 output pins at certain 
pre-programmable time intervals. 


The combination of Timer T2 and the capture 
and compare logic is very powerful in 
applications involving rotating machinery, 
automotive injection systems, etc. Timer T2 
and the capture and compare logic are shown 
in Figure 4. 

Capture Logic: The four 16-bit capture 
registers that Timer T2 is connected to are; 
CTO, CT1, CT2, and CT3. These registers 
are loaded with the contents of Timer T2, and 
an interrupt is requested upon receipt of the 
input signals CTOI, CT1 1, CT2I, or CT3I. 
These input signals are shared with port 1 . 
The four interrupt flags are in the Timer T2 
interrupt register (TM2IR spedal function 
register). If the capture facility is not required, 
these inputs can be regarded as additional 
external interrupt inputs. 

Using the capture control register CTCON 
(see Figure 5), these inputs may capture on a 
rising edge, a falling edge, or on either a 
rising or falling edge. The inputs are sampled 
during SI PI of each cycle. When a selected 
edge is detected, the contents of Timer T2 
are captured at the end of the cycle. 
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Measuring Time Intervals Using Capture 
Registers: When a recurring external event 
is represented in the form of rising or falling 
edges on one of the four capture pins, the 
time between two events can be measured 
using Timer T2 and a capture register. When 
an event occurs, the contents of Timer T2 are 
copied into the relevant capture register and 
an interrupt request Is generated. The 
interrupt service routine may then compute 
the interval time if it knows the previous 
contents of Timer T2 when the last event 
occurred. With a 12MHz oscillator. Timer T2 
can be programmed to overflow every 
524ms. When event interval times are shorter 
than this, computing the interval time is 
simple, and the interrupt service routine is 
short. For longer interval times, the Timer T2 
extension routine may be used. 

Compare Logic; Each time Timer T2 is 
incremented, the contents of the three 16-bit 
compare registers CMC, CM1 , and CM2 are 
compared with the new counter value of 


Timer T2. When a match is found, the 
corresponding interrupt flag in TM2IR is set at 
the end of the following cycle. When a match 
with CMO occurs, the controller sets bits 0-5 
of port 4 if the corresponding bits of the set 
enable register STE are at logic 1. 

When a match with CM1 occurs, the 
controller resets bits 0-5 of port 4 if the 
corresponding bits of the reset/toggle enable 
register RTE are at logic 1 (see Figure 6 for 
RTE register function). If RTE is “0", then 
P4.n is not affected by a match between CM1 
or CM2 and Timer 2. When a match with 
CM2 occurs, the controller “toggles” bits 6 
and 7 of port 4 if the corresponding bits of the 
RTE are at logic 1 . The port latches of bits 6 
and 7 are not toggled. Two additional 
flip-flops store the last operation, and it is 
these flip-flops that are toggled. 

Thus, if the current operation is "set,” the next 
operation will be “reset" even if the port latch 
is reset by software before the “reset” 
operation occurs. The first “toggle” after a 


chip RESET will set the p)ort latch. The 
contents of these two flip-flops can be read at 
STE.6 and STE.7 (corresponding to P4.6 and 
P4.7, respectively). Bits STE.6 and STE.7 
are read only (see Figure 7 for STE register 
function). A logic 1 Indicates that the next 
toggle will set the port latch; a logic 0 
Indicates that the next toggle will reset the 
port latch. CMO, CM1 , and CM2 are reset by 
the RST signal. 

The modified port latch information appears 
at the port pin during S5P1 of the cycle 
following the cycle in which a match 
occurred. If the port is modified by software, 
the outputs change during SI PI of the 
following cycle. Each port 4 bit can be set or 
reset by software at any time. A hardware 
modification resulting from a comparator 
match takes precedence over a software 
modification in the same cycle. When the 
comparator results require a “set” and a 
“reset” at the same time, the port latch will be 
reset. 
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Timer T2 Interrupt Flag Register TM2IR: 

Eight of the nine Timer T2 interrupt flags are 
located In special function register TM2IR 
(see Figure 8). The ninth flag Is TM2CON.4. 

The CTOI and CT 1 1 flags are set during S4 of 
the cycle in which the contents of Timer T2 
are captured. CTOI is scanned by the 
interrupt logic during S2, and CT1 1 is 
scanned during S3. CT2I and CT3I are set 
during S6 and are scanned during S4 and S5. 
The associated interrupt requests are 
recognized during the following cycle. If these 


flags are polled, a transition at CTOI or CT1 1 
will be recognized one cycle before a 
transition on CT2I or CT3I since registers are 
read during S5. The CMIO, CMI1 , and CMI2 
flags are set during S6 of the cycle following 
a match. CMIO is scanned by the interrupt 
logic during S2; CMI1 and CM! 2 are scanned 
during S3 and S4. A match will be recognized 
by the interrupt logic (or by polling the flags) 
two cycles after the match takes place. 


overflow flag (T2BO) are set during S6 of the 
cycle in which the overflow occurs. These 
flags are recognized by the interrupt logic 
during the next cycle. 


The 16-bit overflow flag (T20V) and the byte 


Special function register IP1 (Figure 8) is 
used to determine the Timer T2 interrupt 
priority. Setting a bit high gives that function a 
high priority, and setting a bit low gives the 
function a low priority. The functions 
controlled by the various bits of the IP 1 
register are shown in Figure 8. 


CTCON I CTN3| CTP3| CTN2| CTP2| CTNlj CTPl| CTNO] CTPO 


(MSB) 


(LSB) 


Bit 


Symbol 


Capture/interrupt on: 


CTCON.7 

CTCON.6 

CTCON.5 

CTCON.4 

CTCON.3 

CTCON.2 

CTCON.1 

CTCON.O 


CTN3 

CTP3 

CTN2 

CTP2 

CTN1 

CTP1 

CTNO 

CTPO 


Capture Register 3 triggered by a falling edge on CT3i 
Capture Register 3 triggered by a rising edge on CT3I 
Capture Register 2 triggered by a falling edge on CT2I 
Capture Register 2 triggered by a rising edge on CT2i 
Capture Register 1 triggered by a falling edge on CTlI 
Capture Register 1 triggered by a rising edge on CTli 
Capture Register 0 triggered by a falling edge on CTOI 
Capture Register 0 triggered by a rising edge on CTOI 


Figure 5. Capture Control Register (CTCON) 



RTE7 

TP47 

If 

RTE6 

TP46 

If 

RTE5 

RP45 

If 

RTE4 

RP44 

If 

RTE3 

RP43 

If 

RTE2 

RP42 

If 

RTEI 

RP41 

if 

RTEO 

RP40 

If 


Figure 6. 


1 ” then P4.7 toggles on a match between CM2 aixl Timer T2 
1 ” then P4.6 toggles on a match between CM2 and Timer T2 
1” then P4.5 is reset on a match between CM1 and Timer T2 
1 ” then P4.4 is reset on a match between CMI and Timer T2 
1 ” then P4.3 is reset on a match between CMl and Timer T2 
1 ” then P4.2 is reset on a match between CHI and Timer T2 
1 ” then P4.1 is reset on a match between CMI and Timer T2 
1 ” then P4.0 Is reset on a match between CMI and Timer T2 


Figure 6. Reset/Toggle Enable Register (RTE) 


7 

6 

5 

4 

3 

2 

1 

0 


TG46 




M 

SP41 

SP40 


(MSB) (LSB) 


Bit 

Symbol 

Function 

STE7 

TG47 

Toggle flip-flops 

STE6 

TG46 

Toggle flip-flops 

STE5 

SP45 

if “1 ” then P4.5 is set on a match between CMO and Timer T2 

STE4 

SP44 

If “1” then P4.4 is set on a match between CMO and Timer T2 

STE3 

SP43 

If “1” then P4.3 is set on a match between CMO and Timer T2 

STE2 

SP42 

If “1 ” then P4.2 is set on a match between CMO and Timer T2 

STE1 

SP41 

If “1” then P4.1 is set on a match between CMO and Timer T2 

STE.0 

SP40 

If “1” then P4.0 is set on a match between CMO and Timer T2 


Figure 7. Set Enable Register (STE) 
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/ Timer T2 16-bit overflow interrupt flag 

2 CM2 interrupt flag 

1 CM1 interrupt flag 

D CMO interrupt flag 

I CTSinten-uptflag 

I CT2 intemjpt flag 

I CTl interrupt flag 

) CTO interrupt flag 

Interrupt Flag Register (TM2IR) 


PT2 PCM2 PCMl| PCMO PCTS} PCT2 | PCTI | PCTO | 


PT2 Timer T2 overflow interruptfs) priority level 

PCM2 Timer T2 comparator 2 interrupt priority level 

PCMI Timer T2 comparator 1 interrupt priority level 

PCMO Timer T2 comparator 0 interrupt priority level 

PCT3 Timer T2 capture regiater 3 interrupt priority level 

PCT2 Timer T2 capture register 2 interrupt priority level 

PCTi Timer T2 capture register 1 interrupt priority level 

PCTO Timer T2 capture register 0 interrupt priority level 

Timer 2 Interrupt Priority Register (IP1) 


Figure 8. interrupt Flag Register (TM2IR) and Timer T2 Interrupt Priority Register (IP1) 


Timer T3, The Watchdog Timer 
In addition to Timer T2 and the standard 
timers, a watchdog timer is also incorporated 
on the 8XC552. The purpose of a watchdog 
timer is to reset the microcontroller if it enters 
erroneous processor states (possibly caused 
by electrical noise or RFI) within a reasonable 
period of time. An analogy is the “dead man’s 
handle” in railway locomotives. When 
enabled, the watchdog circuitry will generate 
a system reset if the user program fails to 
reload the watchdog timer within a specified 
length of time known as the “watchdog 
interval.” 

Watchdog Circuit Description: The 
watchdog timer (Timer T3) consists of an 
8-bit timer with an 1 1-blt prescaler as shown 
in Figure 9. The prescaler is fed with a signal 
whose frequency is 1/12 the oscillator 
frequency (1MHz with a 12MHz oscillator). 
The 8-bit timer is incremented every “t” 
seconds, where; 

t= 12 x 2048x 1/fosc 
(= 1 .5ms at fosc = 16MHz; 

= 1ms at fosc = 24MHz) 


If the 8-bit timer overflows, a short internal 
reset pulse is generated which will reset the 
8XC552. A short output reset pulse is also 
generated at the RST pin. This short output 
pulse (3 machine cycles) may be destroyed if 
the RST pin is connected to a capacitor. This 
would not, however, affect the internal reset 
operation. 

Watchdog operation is activated when 
external pin EW is tied low. When EW is tied 
low, it is impossible to disable the watchdog 
operation by software. 

How to Operate the Watchdog Timer: The 

watchdog timer has to be reloaded within 
periods that are shorter than the programmed 
watchdog interval; otherwise the watchdog 
timer will overflow and a system reset will be 
generated. The user program must therefore 
continually execute sections of code which 
reload the watchdog timer. The period of time 
elapsed between execution of these sections 
of code must never exceed the watchdog 
interval. When using a 16MHz oscillator, the 
watchdog interval is programmable between 
1 .5ms and 392ms. When using a 24MHz 
oscillator, the watchdog interval is 


programmable between 1ms and 255ms. 

In order to prepare software for watchdog 
operation, a programmer should first 
determine how long his system can sustain 
an erroneous processor state. The result will 
be the maximum watchdog interval. As the 
maximum watchdog Interval becomes 
shorter, it becomes more difficult for the 
programmer to ensure that the user program 
always reloads the watchdog timer within the 
watchdog interval, and thus it becomes more 
difficult to implement watchdog operation. 
The programmer must now partition the 
software in such a way that reloading of the 
watchdog is carried out in accordance with 
the above requirements. The programmer 
must determine the execution times of all 
software modules. The effect of possible 
conditional branches, subroutines, external 
and Internal interrupts must all be taken Into 
account. Since it may be very difficult to 
evaluate the execution times of some 
sections of code, the programmer should use 
worst case estimations. In any event, the 
programmer must make sure that the 
watchdog is not activated during normal 
operation. 
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The watchdog timer is reloaded in two stages 
in order to prevent erroneous software from 
reloading the watchdog. First PCON.4 (WLE) 
must be set. The T3 may be loaded. When 
T3 is loaded, PCON.4 (WLE) is automatically 
reset. T3 cannot be loaded if PCON.4 (WLE) 
is reset. Reload code may be put in a 
subroutine as it is called frequently. Since 
Timer T3 is an up-counter, a reload value of 
OOH gives the maximum watchdog interval 
(510ms with a 12MHz oscillator), and a 
reload value of OFFH gives the minimum 
watchdog interval (2ms with a 1 2MHz 
oscillator). 

In the idle mode, the watchdog circuitry 
remains active. When watchdog operation is 
implemented, the power-down mode cannot 
be used since both states are contradictory. 
Thus, when watchdog operation is enabled 
by tying external pin EW low, it is impossible 
to enter the power-down mode, and an 
attempt to set the power-down bit (PCON.1) 
will have no effect. PCON.1 will remain at 
logic 0. 

During the early stages of software 
development/debugging, the watchdog may 
be disabled by tying the EW pin high. At a 
later stage, EW may be tied low to complete 
the debugging process. 

Watchdog Software Example: The following 
example shows how watchdog operation 
might be handled in a user program. 


;at the program start: 

T3 EQU OFFH ;address of 

;watchdog 
;timer T3 

PCON EQU 087H ;addressof 

;PCON SFR 

WATCH-INTV EQU 156 ;watchdog 
;interval 

;(e.g., 2x100ms) 

:to be inserted at each watchdog reload 
: location within the user program: 

LCALLWATCHDQG 
;watchdog service routine: 

WATCHDOG: ORL PCON,#10H ;set 

;condition 

iflag 

(PCON.4) 

MOV T3,WATCH-INV ;load T3 
iwith 

;watchdog 

;interval 

RET 

If it is possible for this subroutine to be called 
in an erroneous state, then the condition flag 
WLE should be set at different parts of the 
main program. 

Serial I/O 

The 8XC552 is equipped with two 
independent serial ports: SlOO and SI01 . 
SlOO is a full duplex UART port and is 
identical to the 80C51 serial port. SI01 
accommodates the I^C bus. 


SlOO: SlOO is a full duplex serial I/O port 
identical to that on the 80C51 . Its operation is 
the same, including the use of timer 1 as a 
baud rate generator. 

SI01, 12C Serial I/O: The I^C bus uses two 
wires (SDA and SCL) to transfer information 
between devices connected to the bus. The 
main features of the bus are: 

- Bidirectional data transfer between masters 
and slaves 

- Multimaster bus (no central master) 

- Arbitration between simultaneously 
transmitting masters without corruption of 
serial data on the bus 

- Serial clock synchronization allows devices 
with different bit rates to communicate via 
one serial bus 

- Serial clock synchronization can be used 
as a handshake mechanism to suspend 
and resume serial transfer 

- The I^C bus may be used for test and 
diagnostic purposes 

The output latches of PI .6 and PI .7 must be 
set to logic 1 In order to enable SI01 . 

The 8XC552 on-chip I^C logic provides a 
serial Interface that meets the I^C bus 
specification and supports all transfer modes 
(other than the low-speed mode) from and to 
the I^C bus. The SI01 logic handles bytes 
transfer autonomously. It also keeps track of 
serial transfers, and a status register (S1STA) 
reflects the status of SI01 and the I^C bus. 
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The CPU interfaces to the I^C logic via the 
following four special function registers; 
S1CON (Slot control register). S1STA (S101 
status register), S1 DAT (SI01 data register), 
and S1 ADR (SI01 slave address register). 
The SI01 logic interfaces to the external I^C 
bus via two port 1 pins; P1 .6/SCL (serial 
clock line) and P1 .7/SDA (serial data line). 

A typical I^C bus configuration is shown in 
Figure 10, and Figure 11 shows how a data 
transfer is accomplished on the bus. 
Depending on the state of the direction bit 
(RA/V), two types of data transfers are 
possible on the I^C bus: 

1 . Data transfer from a master transmitter to 
a slave receiver. The first byte transmitted 
by the master is the slave address. Next 
follows a number of data bytes. The slave 
returns an acknowledge bit after each 
received byte. 

2. Data transfer from a slave transmitter to a 
master receiver. The first byte (the slave 
address) is transmitted by the master. The 
slave then returns an acknowledge bit. 
Next follows the data bytes transmitted by 
the slave to the master. The master 
returns an acknowledge bit after all 
received bytes other than the last byte. At 
the end of the last received byte, a “not 
acknowledge” is returned. 

The master device generates all of the serial 
clock pulses and the START and STOP 
conditions. A transfer is ended with a STOP 
condition or with a repeated START 
condition. Since a repeated START condition 
is also the beginning of the next serial 
transfer, the I^C bus will not be released. 

Modes of Operation: The on-chip SI01 logic 
may operate in the following four modes: 

1 . Master Transmitter Mode: 

Serial data output through PI .7/SDA while 
PI .6/SCL outputs the serial clock. The 
first byte transmitted contains the slave 
address of the receiving device (7 bits) 
and the data direction bit. In this case the 
data direction bit (R/W) will be logic 0, and 
we say that a “W” is transmitted. Thus the 
first byte transmitted is SLA+W. Serial 
data is transmitted 8 bits at a time. After 
each byte is transmitted, an acknowledge 
bit is received. START and STOP 


conditions are output to indicate the 
beginning and the end of a serial transfer. 

2. Master Receiver Mode: 

The first byte transmitted contains the 
slave address of the transmitting device (7 
bits) and the data direction bit. In this case 
the data direction bit (R/W) will be logic 1 , 
and we say that an “R” is transmitted. 
Thus the first byte transmitted is SLA+R. 
Serial data is received via PI .7/SDA while 
PI .6/SCL outputs the serial clock. Serial 
data is received 8 bits at a time. After 
each byte is received, an acknowledge bit 
is transmitted. START and STOP 
conditions are output to indicate the 
beginning and end of a serial transfer. 

3. Slave Receiver Mode; 

Serial data and the serial clock are 
received through PI .7/SDA and 
PI .6/SCL. After each byte is received, an 
acknowledge bit is transmitted. START 
and STOP conditions are recognized as 
the beginning and end of a serial transfer. 
Address recognition is performed by 
hardware after reception of the slave 
address and direction bit. 

4. Slave Transmitter Mode; 

The first byte is received and handled as 
in the slave receiver mode. However, in 
this mode, the direction bit will indicate 
that the transfer direction is reversed. 
Serial data is transmitted via PI .7/SDA 
while the serial clock Is input through 
PI .6/SCL. START and STOP conditions 
are recognized as the beginning and end 
of a serial transfer. 

In a given application, SI01 may operate as a 
master and as a slave. In the slave mode, the 
SI01 hardware looks for Its own slave 
address and the general call address. If one 
of these addresses Is detected, an interrupt is 
requested. When the microcontroller wishes 
to become the bus master, the hardware 
waits until the bus is free before the master 
mode is entered so that a possible slave 
action Is not interrupted. If bus arbitration is 
lost in the master mode, SI01 switches to the 
slave mode immediately and can detect its 
own slave address in the same serial 
transfer. 


SI01 Implementation and Operation: 

Figure 12 shows how the on-chip I^C bus 
interface is implemented, and the following 
text describes the individual blocks. 

Input Filters and Output Stages 

The input filters have I^C compatible input 
levels. If the input voltage is less than 1 .5V, 
the input logic level is interpreted as 0; if the 
input voltage Is greater than 3.0V, the input 
logic level is interpreted as 1 . Input signals 
are synchronized with the internal clock 
(fosc/4), and spikes shorter than three 
oscillator periods are filtered out. 

The output stages consist of open drain 
transistors that can sink 3mA at Vqut < 0.4V. 
These open drain outputs do not have 
clamping diodes to Vqd. Thus, if the device is 
connected to the I^C bus and Vqd is switched 
off, the I^C bus is not affected. 

Address Register, Si ADR 

This 8-bit special function register may be 
loaded with the 7-bit slave address (7 most 
significant bits) to which SI01 will respond 
when programmed as a slave transmitter or 
receiver. The LSB (GC) is used to enable 
general call address (OOH) recognition. 

Comparator 

The comparator compares the received 7-bit 
slave address with its own slave address (7 
most significant bits in SI ADR). It also 
compares the first received 8-bit byte with the 
general call address (OOH). If an equality is 
found, the appropriate status bits are set and 
an interrupt is requested. 

Shift Register, SI DAT 

This 8-bit special function register contains a 
byte of serial data to be transmitted or a byte 
which has just been received. Data in SI DAT 
is always shifted from right to left; the first bit 
to be transmitted is the MSB (bit 7) and, after 
a byte has been received, the first bit of 
received data is located at the MSB of 
SI DAT. While data is being shifted out, data 
on the bus is simultaneously being shifted in; 
SI DAT always contains the last byte present 
on the bus. Thus, In the event of lost 
arbitration, the transition from master 
transmitter to slave receiver is made with the 
correct data in SI DAT. 
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Acknowledgment 
Signal from Receiver 


Acknowledgment 
Signal from Receiver 


Clock Line Held Low While 
interrupts Are Serviced 


Repeated if more bytes 
are transferred 


Figure 11 . Data Transfer on the I^C Bus 
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Figure 12. Bus Serial Interface Block Diagram 
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1. Another devic:e transmits identical serial data 

2. Another device overrules a logic 1 (dotted line) transmitted by SIOl (master) by pullirrg the SDA line low. Arbitration is lost, aiKi SIOl enters the slave 
receiver mode. 

3. SIOl is in the slave receiver mode but still generates clock pulses until the current byte has been transmitted. SIOl will not generate dock pulses for 
the next byte. Data on SDA originates from the new master once it has won arbitration. 


Figure 13. Arbitration Procedure 




(1) 

(3) 

f ' 

(1) 


fUlark -*• 
Duration 

Space Duration - 

(2) 



1. Another service pulls the SCL lirte low before the SIOl “mark" duration is complete. The serial dock generator is immediately reset and 
commeiKes with the “space” duration by pulling SCL low. 

2. Another device still pulls the SCL line low after SIOl releases SCL The serial dock generator is forced into the wait state until the SCL line 
is released. 

3. The SCL line is released, aiKf the serial clock generator commences with the mark duration. 


Figure 14. Serial Clock Synchronization 
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Arbitration and Synchronization Logic 

In the master transmitter mode, the 
arbitration logic checks that every transmitted 
logic 1 actually appears as a logic 1 on the 
|2C bus. If another device on the bus 
overrules a logic 1 and pulls the SDA line low, 
arbitration is lost, and SI01 immediately 
changes from master transmitter to slave 
receiver. SI01 will continue to output clock 
pulses (on SCL) until transmission of the 
current serial byte is complete. 

Arbitration may also be lost in the master 
receiver mode. Loss of arbitration in this 
mode can only occur while SI01 is returning 
a “not acknowledge; (logic 1) to the bus. 
Arbitration is lost when another device on the 
bus pulls this signal LOW. Since this can 
occur only at the end of a serial byte, SI01 
generates no further clock pulses. Figure 13 
shows the arbitration procedure. 

The synchronization logic will synchronize the 
serial clock generator with the clock pulses 
on the SCL line from another device. If two or 
more master devices generate clock pulses, 
the “mark" duration is determined by the 
device that generates the shortest “marks,” 
and the “space” duration is determined by the 
device that generates the longest “spaces." 
Figure 14 shows the synchronization 
procedure. 

A slave may stretch the space duration to 
slow down the bus master. The space 
duration may also be stretched for 
handshaking purposes. This can be done 
after each bit or after a complete byte 
transfer. SI01 will stretch the SCL space 
duration after a byte has been transmitted or 
received and the acknowledge bit has been 
transferred. The serial interrupt flag (SI) is 
set, and the stretching continues until the 
serial interrupt flag is cleared. 

Serial Clock Generator 

This programmable clock pulse generator 
provides the SCL clock pulses when SI01 is 
in the master transmitter or master receiver 
mode. It is switched off when SI01 is in a 
slave mode. The programmable output clock 
frequencies are; fosc/120, fosc/9600, and the 
Timer 1 overflow rate divided by eight. The 
output clock pulses have a 50% duty cycle 
unless the clock generator is synchronized 
with other SCL clock sources as described 
above. 

Timing and Control 

The timing and control logic generates the 
timing and control signals for serial byte 
handling. This logic block provides the shift 
pulses for SI DAT, enables the comparator. 


generates and detects start and stop 
conditions, receives and transmits 
acknowledge bits, controls the master and 
slave modes, contains interrupt request logic, 
and monitors the 1^ bus status. 

Control Register, SI CON 

This 7-bit special function register is used by 
the microcontroller to control the following 
SI01 functions; start and restart of a serial 
transfer, termination of a serial transfer, bit 
rate, address recognition, and 
acknowledgment. 

Status Decoder and Status Register 

The status decoder takes all of the internal 
status bits and compresses them into a 5-bit 
code. This code is unique for each I^C bus 
status. The 5-bit code may be used to 
generate vector addresses for fast 
processing of ttie various service routines. 
Each service routine processes a particular 
bus status. There are 26 possible bus states 
if all four modes of SI01 are used. The 5-bit 
status code is latched into the five most 
significant bits of the status register when the 
serial interrupt flag is set (by hardware) and 
remains stable until the interrupt flag is 
cleared by software. The three least 
significant bits of tiie status register are 
always zero, if the status code is used as a 
vector to service routines, then the routines 
are displaced by eight address locations. 
Eight bytes of code is sufficient for most of 
the service routines (see the software 
example in this section). 

The Four SiOl Special Function 
Registers: The microcontroller interfaces to 
SI01 via four special function registers. 
These four SFRs (SI ADR, SI DAT, SI CON, 
and S1STA) are described individually in the 
following sections. 

The Address Register, S1 ADR: The CPU 
can read from and write to this 8-bit, directly 
addressable SFR. SI ADR is not affected by 
the SI01 hardware. The contents of this 
register are irrelevant when SI01 is In a 
master mode. In tiie slave modes, the seven 
most significant bits must be loaded with the 
microcontroller’s own slave address, and, if 
the least significant bit is set, the general call 
address (OOH) is recc^nized; otherwise it is 
ignored. 



7 6 5 

4 3 2 

1 

0 

SI ADR (DBH) 

rTTTTT] 

X 1 x| X 1 

X 

~G^ 


1 own slave address — 

— 



The most significant bit corresponds to the 
first bit received from the 1^ bus after a start 


condition. A logic 1 In SI ADR corresponds to 
a high level on the I^C bus. and a logic 0 
corresponds to a low level on the bus. 

The Data Register, S1 DAT: SI DAT contains 
a byte of serial data to be transmitted or a 
byte which has just been received. The CPU 
can read from and write to this 8-bit, directly 
addressable SFR while it is not in the process 
of shifting a byte. This occurs when SI01 is in 
a defined state and the serial interrupt flag is 
set. Data in SI DAT remains stable as long as 
SI is set. Data in SI DAT is always shifted 
from right to left; the first bit to be transmitted 
is the MSB (bit 7). and, after a byte has been 
received, the first bit of received data Is 
located at the MSB of SI DAT. While data is 
being shifted out, data on the bus is 
simultaneously being shifted in; SI DAT 
always contains the last data byte present on 
the bus. Thus, in the event of lost arbitration, 
the transition from master transmitter to slave 
receiver is made with the correct data in 
SI DAT. 

7 654321 0 

Si DAT (DAH) I SD7| SD6| SD5| SD4| SD3| SD2| SDl| S^ 
•• shift direction 


SD7-SD0; 

Eight bits to be transmitted or just received. A 
logic 1 in SI DAT corresponds to a high level 
on the I^C bus, and a logic 0 corresponds to 
a low level on the bus. Serial data shifts 
through SI DAT from right to left. Figure 15 
shows how data in SI DAT is serially 
transferred to and from the SDA line. 

SI DAT and the ACK flag form a 9-bit shift 
register which shifts in or shifts out an 8-bit 
byte, followed by an acknowledge bit. The 
ACK flag is controlled by the SI01 hardware 
and cannot be accessed by the CPU. Serial 
data is shifted through the ACK flag into 
SI DAT on the rising edges of serial clock 
pulses on the SCL line. When a byte has 
been shifted into SI DAT, the serial data is 
available In SI DAT, and the acknowledge bit 
is returned by the control logic during the 
ninth clock pulse. Serial data is shifted out 
from SI DAT via a buffer (BSD7) on the falling 
edges of clock pulses on the SCL line. 

When the CPU writes to SI DAT, BSD7 is 
loaded with the content of SI DAT.7, which is 
the first bit to be transmitted to the SDA line 
(see Figure 16). After nine serial clock 
pulses, the eight bits in SI DAT will have been 
transmitted to the SDA line, and the 
acknowledge bitwill be present in ACK. Note 
that the eight transmitted bits are shifted back 
into SI DAT. 
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The Control Register, S1CON: The CPU 
can read from and write to this 8-bit. directly 
addressable SFR. Two bits are affected by 
the SI01 hardware; the SI bit is set when a 
serial interrupt is requested, and the STO bit 
is cleared when a STOP condition is present 
on the I^C bus. The STO bit is also cleared 
when ENS1 = “0". 


7 6 5 4 3 2 1 0 



ENS1 , the Slot Enable Bit 

ENS1 = “0”; When ENS1 is "0”, the SDA and 
SCL outputs are in a high impedance state. 
SDA and SCL input signals are ignored. SI01 
is in the “not addressed” slave state, and the 
STO bit in S1CON is forced to “0”. No other 
bits are affected. P1 .6 and P1 .7 may be used 
as open drain I/O ports. 

ENS1 = “1”: When ENS1 is “1", SI01 is 
enabled. The PI .6 and P1 .7 port latches 
must be set to logic 1 . 

ENS1 should not be used to temporarily 
release SI01 from the I2C bus since, when 
ENS1 is reset, the I2C bus status is lost. The 
AA flag should be used instead (see 
description of the AA flag in the following 
text). 

In the following text, it is assumed that 
ENS1 =“1". 

STA, the START Flag 

STA = “1”; When the STA bit is set to enter a 
master mode, the SI01 hardware checks the 
status of the I2C bus and generates a START 
condition if the bus is free. If the bus is not 
free, then SI01 waits for a STOP condition 
(which will free the bus) and generates a 
START condition after a delay of a half clock 
period of the internal serial clock generator. 

If STA is set while SI01 is already in a master 
mode and one or more bytes are transmitted 
or received, SI01 transmits a repeated 


START condition. STA may be set at any 
time. STA may also be set when SI01 is an 
addressed slave. 

STA = “0”: When the STA bit is reset, no 
START condition or repeated START 
condition will be generated. 

STO, the STOP Flag 

STO = “1“; When the STO bit is set while 
SI01 is in a master mode, a STOP condition 
is transmitted to the I^C bus. When the STOP 
condition is detected on the bus, the S101 
hardware clears the STO flag. In a slave 
mode, the STO flag may be set to recover 
from an error condition. In this case, no 
STOP condition is transmitted to the I^C bus. 
However, the SI01 hardware behaves as If a 
STOP condition has been received and 
switches to the defined “not addressed” slave 
receiver mode. The STO flag is automatically 
cleared by hardware. 

If the STA and STO bits are both set, the a 
STOP condition Is transmitted to the I^C bus 
if SI01 is in a master mode (in a slave mode, 
SI01 generates an internal STOP condition 
which is not transmitted). SI01 then transmits 
a START condition. 

STO = “0": When the STO bit is reset, no 
STOP condition will be generated. 

SI, the Serial Interrupt Flag 

SI = “1”; When the SI flag is set, then, if the 
EA and ES1 (interrupt enable register) bits 
are also set, a serial interrupt is requested. SI 
is set by hardware when one of 25 of the 26 
possible SI01 states is entered. The only 
state that does not cause SI to be set is state 
F8H, which indicates that no relevant state 
information is available. 

While SI is set, the low period of the serial 
clock on the SCL line is stretched, and the 
serial transfer is suspended. A high level on 
the SCL line is unaffected by the serial 
interrupt flag. SI must be reset by software. 


SI = “0”: When the SI flag is reset, no serial 
interrupt is requested, and there is no 
stretching of the serial clock on the SCL line. 

AA, the Assert Acknowledge Flag 

AA = “1”: If the AA flag is set, an 
acknowledge (low level to SDA) will be 
returned during the acknowledge clock pulse 
on the SCL line when: 

- The “own slave address” has been 
received 

- The general call address has been 
received while the general call bit (GC) in 
SI ADR is set 

- A data byte has been received while SI01 
is in the master receiver mode 

- A data byte has been received while SI01 
is in the addressed slave receiver mode 

AA = “0”: if the AA flag is reset, a not 
acknowledge (high level to SDA) will be 
returned during the acknowledge clock pulse 
on SCL when; 

- A data has been received while SI01 is in 
the master receiver mode 

- A data byte has been received while SI01 
is in the addressed slave receiver mode 

When WI01 is in the addressed slave 
transmitter mode, state C8H will be entered 
after the last serial is transmitted (see Figure 
20). When SI is cleared, SI01 leaves state 
C8H, enters the not addressed slave receiver 
mode, and the SDA line remains at a high 
level. In state C8H, the AA flag can be set 
again for future address recognition. 

When SI01 is in the not addressed slave 
mode, its own slave address and the general 
call address are ignored. Consequently, no 
acknowledge is returned, and a serial 
interrupt is not requested. Thus, SI01 can be 
temporarily released from the I^C bus while 
the bus status is monitored. While SI01 is 
released from the bus, START and STOP 
conditions are detected, and serial data is 
shifted in. Address recognition can be 
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resumed at any time by setting the AA flag. If 
the AA flag is set when the part’s own slave 
address or the general call address has been 
partly received, the address will be 
recognized at the end of the byte 
transmission. 

CRO, CR1, and CR2, the Clock Rate Bits 

These three bits determine the serial clock 
frequency when SI01 is in a master mode. 
The various serial rates are shown in Table 2. 

A 12.5kHz bit rate may be used by devices 
that interface to the I^C bus via standard I/O 
port lines which are software driven and slow. 
100kHz is usually the maximum bit rate and 
can be derived from a 16MHz, 12MHz, or a 
6MHz oscillator. A variable bit rate (0.5kHz to 
62.5kHz) may also be used if Timer 1 is not 
required for any other purpose while SI01 is 
in a master mode. 

The frequencies shown in Table 2 are 
unimportant when SIOI is in a slave mode. In 
the slave modes, SIOI will automatically 
synchronize with any clock frequency up to 
100kHz. 

The Status Register, S1STA; S1STA is an 
8-bit read-only special function register. The 
three least significant bits are always zero. 
The five most significant bits contain the 
status code. There are 26 possible status 
codes. When S1STA contains F8H, no 
relevant state information is available and no 
serial interrupt is requested. All other S1STA 
values correspond to defined SIOI states. 
When each of these states is entered, a 
serial interrupt is requested (SI = “1”). A valid 
status code is present in SI STA one machine 
cycle after SI is set by hardware and is still 
present one machine cycle after SI has been 
reset by software. 
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More Information on SIOI Operating 
Modes: The four operating modes are: 

- Master Transmitter 

- Master Receiver 

- Slave Receiver 

- Slave Transmitter 

Data transfers in each mode of operation are 
shown in Figures 17-37. These figures 
contain the following abbreviations: 

Abbreviation Explanation 

S Start condition 

SLA 7-bit slave address 

R Read bit (high level at SDA) 

W Write bit (low level at SDA) 

A Acknowledge bit (low level at 

SDA) 

A Not acknowledge bit (high 

level at SDA) 

Data 8-bit data byte 

P Stop condition 

In Figures 17-37, circles are used to indicate 
when the serial interrupt flag is set. The 
numbers in the circles show the status code 
held in the SI STA register. At these points, a 
service routine must be executed to continue 
or complete the serial transfer. These service 
routines are not critical since the serial 
transfer is suspended until the serial interrupt 
flag is cleared by software. 

When a serial interrupt routine is entered, the 
status code in SI STA is used to branch to the 
appropriate service routine. For each status 
code, the required software action and details 
of the following serial transfer are given in 
Tables 15-18. 

Master Transmitter Mode: In the master 
transmitter mocte, a number of data bytes are 
transmitted to a slave receiver (see 
Figure 17). Before the master transmitter 


mode can be entered, SI CON must be 
initialized as follows: 



7 

6 

S 4 

3 2 

1 0 

SICON (D8H) 

CR2 

m 

1 

sta| sto 

SI |aa 

cm |cRo 


"isr 

rate 

rr 

0 0 

0 X 

- bit rate- 


CRO. CR1 , and CR2 define the serial bit rate. 
ENS1 must be set to logic 1 to enable SIOI . 

If the AA bit is reset, SIOI will not 
acknowledge its own slave address or the 
general call address in the event of another 
device becoming master of the bus. In other 
words, if AA is reset, SlOO cannot enter a 
slave mode. STA, STO, and SI must be reset. 

The master transmitter mode may now be 
entered by setting the STA bit using the 
SETB instruction. The SIOI logic will now 
test the I^C bus and generate a start 
condition as soon as the bus becomes free. 
When a START condition is transmitted, the 
serial interrupt flag (SI) is set, and the status 
code in the status register (SI STA) will be 
08H. This status code must be used to vector 
to an interrupt service routine that loads 
SI DAT with the slave address and the data 
direction bit (SLA+W). The SI bit in SI CON 
must then be reset before the serial transfer 
can continue. 

When the slave address and the direction bit 
have been transmitted and an 
acknowledgment bit has been received, the 
serial interrupt flag (SI) is set again, and a 
number of status codes in SI STA are 
possible. There are 18H, 20H, or 38H for the 
master mode and also 68H, 78H, or EJOH if 
the slave mode was enabled (AA = logic 1). 
The appropriate action to be taken for each of 
these status codes is detailed in Table 3. 

After a repeated start condition (state 1 0H). 
SIOI may switch to the master receiver mode 
by loading SI DAT with SLA+R). 
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SNft ACK&SIDAT 


SDA j D7 j D6 I D5 I D4 | D3 j D2 j Dl | DO | ^ | 

- .jiJijnjnjiJTjnjTTL 

nnnnnnnnn 


(2) (2) I (2) I (2) (2) I (2) I (2) I (2) I A 


SI DAT I (1) j (2) j (2) I (2) j (2) | (2) | (2) j (2) | (2) j (1) 

: nnnnnnnnn 

BSD7 I I D6 I D5 I D4 I D3 | D2 I Dl I DO I (3) 


Loaded by the CPU 

( 1 } Valid data in SI DAT 

(2) Shifting data in S1DAT and ACK 

(3) High level on SDA 

Figure 16. Shift-in and Shift-out Timing 


Table 2. Serial Clock Rates 


BIT FREQUENCY (kHz) AT fosc 


CR2 

CR1 

CRO 

6MHz 

12MHz 

16MHz 

tosc DIVIDED BY 

0 

0 

0 

23 

47 

63 

256 

0 

0 

1 

27 

54 

71 

224 

0 

1 

0 

31 

63 

83 

192 

0 

1 

1 

37 

75 

100 

160 

1 

0 

0 

6.25 

12.5 

17 

960 

1 

0 

1 

50 

100 

- 

120 

1 

1 

0 

100 

- 

- 

60 

1 

1 

1 

0.25 < 62.5 

0.5 < 62.5 

0.67 < 56 

96 X (256 - reload value Timer 1 ) 

(Reload value range: 0 - 254 In mode 2) 
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Successful Transmission 
to a Slave Receiver 


Next Transfer Started with 
a Repeated Start Condition 


Not Acknowledge Received 
after the Slave Address 


Not Acknowledge Received 
after a Data Byte 


Arbitration Lost in Slave 
Address or Data Byte 


Arbitration Lost and 
Addressed as Slave 






, 'I,, 'l „ 



\ \ ''t, \ \ 


© 


I I 




\\\ 


& 


A or A 

other MST 
Continues 


A 

Other MST 
Continues 

© 

f V 

V 

78hJ^ 80hJ- 




'I.,, 'I.,, 


' , 

I, ; : 


I 

^ 




To MST/REC Mode 
Entry = MR 


Other MST 
Continues 


To Corresponding 
States in Slave Mode 



From Master to Slave 


From Slave to Master 



Any Number of Data Bytes and Their 
Associated Acknowledge Bits 



This Number (Contained in SiSTA) Corresponds to a 
Defined State of the I^C Bus. See Table 3. 


Figure 17. Format and States in the Master Transmitter Mode 
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Successful Reception 
from a Slave 
Transmitter 




'' 





V V 

A 



Data 0\"'' 

.. iX: 


Data 



''''1 






Next Transfer Started with 
a Repeated Start Condition 


, , ■ . -..I f 

'a, , , 




Not Acknowledge Received 
after the Slave Address 


To MST/TRX Mode 
Entry = MT 


Arbitration Lost in Slave Address 
or Acknowledge Bit 


Other MST 
Continues 


Other MST 

Continues 


Arbitration Lost and 
Addressed as Slave 


Other MST 
Continues 


68H I 78H I 80H , 


To Corresponding 
States in Slave Mode 


From Master to Slave 


From Slave to Master 


** I' ' , Number of Data Bytes and Their 

Data Associated Acknowledge Bits 


TNs Number (Contained in SlSTA) Corresponds to a 
Defined State of the I^C Bus. See Table 4. 


Figure 18 . Format and States in the Master Receiver Mode 
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Reception of the 0¥ni Slave 
Address and One or More Data 
Bytes. All Are Acknowledged. 


Last Data Byte Received Is 
Not Acknowledged 


ArbitratifHi Lost as MST and 
Addressed as Slave 


Reception of the General 
Call Address and One or 
More Data Bytes 


Last Data Byte Is Not 
Acknowledged 


Arbitration Lost as MST and 
Addressed as Slave by General Call 





From Master to Slave 


From Slave to Master 


f ^ 


Any Number of Data Bytes and Their 
Assodated Acknowledge Bits 


This Number (Contained in SISTA) CorrespoiKis to a 
Defined State of the I^C Bus. See Table 5. 


Figure 19. Format and States in the Slave Receiver Mode 
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Reception of ttie Own 
Slave Addreas and 
Transmission of One 
or More Data Bytes 


'''' 





« 



\ 






A 

Data 

ii 





Data 

i. IXWvWN. 


Arbitration Loast as MST and 
Addressed as Slave 


From Master to Slave 


From Slave to Master 


Last Data Byte Transmitted. 
Switched to Not Addressed 
Slave (AA Bit in S1CON = ‘0 ” 


Any Number of Data Bytes and Their 

Data Associated Acknowledge Bits 


This Number (Contained in SiSTA) Corresponds to a 
Defined State of the I^C Bus. See Table 6. 


Figure 20. Format and States of the Slave Transmitter Mode 


Master Receiver Mode: In the master 
receiver mode, a number of data bytes are 
received from a slave transmitter (see 
Figure 18). The transfer is initialized as in the 
master transmitter mode. When the start 
condition has been transmitted, the interrupt 
service routine must load SI DAT with the 
7-bit slave address and the data direction bit 
(SLA+R). The SI bit in S1CON must then be 
cleared before the serial transfer can 
continue. 

When the slave address and the data 
direction bit have been transmitted and an 
acknowledgment bit has been received, the 
serial interrupt flag (SI) is set again, and a 
number of status codes in SISTA are 
possible. These are 40H, 48H, or 38H for the 
master mode and also 68H, 78H, or BOH if 
the slave mode was enabled (AA = logic 1). 
The appropriate action to be taken for each of 
these status codes is detailed in Table 4. 

ENS1 , CR1 , and CRO are not affected by the 
serial transfer and are not referred to in 
Table 4. After a repeated start condition (state 
10H), SI01 may switch to the master 
transmitter mode by loading S1DAT with 
SLA+W. 


Slave Receiver Mode: in the slave receiver 
mode, a number of data bytes are received 
from a master transmitter (see Figure 19). To 
initiate the slave receiver mode, SI ADR and 
SI CON must be loaded as follows: 

7 6 5 4 3 2 1 0 

si ADR (DBH) X I x| X | X | x| X | X ~G^ 

own slave address 

The upper 7 bits are the address to which 
SI01 will respond when addressed by a 
master. If the LSB (GC) is set, SI01 will 
respond to the general call address (OOH); 
otherwise it ignores the general call address. 

7 6 5 4 3 2 1 0 

SI CON (D8H) |CR2| ENSl| STa| STo| SI |aa|cR1 |cR0 | 

XI 0 0 0 I X X 

CRO, CR1 , and CR12 do not affect SiOl in 
the slave mode. ENS1 must be set to logic 1 
to enable SI01 . The AA bit must be set to 
enable SI01 to acknowledge its own slave 
address or the general call address. STA, 
STO, and SI must be reset. 


When SI ADR and SI CON have been 
initialized, SI01 waits until it is addressed by 
its own slave address followed by the data 
direction bit which must be “0” (W) for SI01 
to operate in the slave receiver mode. After 
its own slave address and the W bit have 
been received, the serial interrupt flag (I) is 
set and a valid status code can be read from 
SISTA. This status code is used to vector to 
an interrupt service routine, and the 
appropriate action to be taken for each of 
these status codes is detailed in Table 5. The 
slave receiver mode may also be entered if 
arbitration is lost while SI01 is in the master 
mode (see status 68H and 78H). 

If the AA bit is reset during a transfer, SI01 
will return a not acknowledge (logic 1) to SDA 
after the next received data byte. While AA is 
reset, SIOI does not respond to its own slave 
address or a general call address. However, 
the I^C bus is still monitored and address 
recognition may be resumed at any time by 
setting AA. This means that the AA bit may 
be used to temporarily isolate SIOI from the 
I^C bus. 
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Table 3. Master Transmitter Mode 


STATUS 

STATUS OF THE 

APPLICATION SOFTWARE RESPONSE 


CODE 

|2C BUS AND 

TO/FROM S1DAT 

TOS1CON 

NEXT ACTION TAKEN BY SIOl HARDWARE 

(S1STA) 

SI01 HARDWARE 


STA 

STO 

SI 

AA 


08H 

A START condition has 

Load SLA+W 

X 

0 

0 

X 

SLA+W will be transmitted; 


been transmitted 






ACK bit will be received 

10H 

A repeated START 

Load SLA+W or 

X 

0 

0 

X 

As above 


condition has been 

Load SLA+R 

X 

0 

0 

X 

SLA+W will be transmitted; 


transmitted 






SI01 will be switched to MST/REC mode 

18H 

SLA+W has been 

Load data byte or 

0 

0 

0 

X 

Data byte will be transmitted; 


transmitted; ACK has 





ACK bit will be received 


been received 

no SI DAT action or 

1 

0 

0 

X 

Repeated START will be transmitted; 



no SI DAT action or 

0 

1 

0 

X 

STOP condition will be transmitted; 

STO flag will be reset 



no SI DAT action 

1 

1 

0 

X 

STOP condition followed by a 

START condition will be transmitted; 

STO flag will be reset 

20H 

SLA+W has been 

Load data byte or 

0 

0 

0 

X 

Data byte will be transmitted; 


transmitted; NOT ACK 





ACK bit will be received 


has been received 

no SI DAT action or 

1 

0 

0 

X 

Repeated START will be transmitted; 



no SI DAT action or 

0 

1 

0 

X 

STOP condition will be transmitted; 

STO flag will be reset 



no SI DAT action 

1 

1 

0 

X 

STOP condition followed by a 

START condition will be transmitted; 

STO flag will be reset 

28H 

Data byte in SI DAT has 

Load data byte or 

0 

0 

0 

X 

Data byte will be transmitted; 


been transmitted; ACK 





ACK bit will be received 


has been received 

no SI DAT action or 

1 

0 

0 

X 

Repeated START will be transmitted; 



no SI DAT action or 

0 

1 

0 

X 

STOP condition will be transmitted; 

STO flag will be reset 

i 

1 

no SI DAT action 

1 

1 

0 

X 

STOP condition followed by a 

START condition will be transmitted; 

STO flag will be reset 

30H 

Data byte in SI DAT has 

Load data byte or 

0 

0 

0 

X 

Data byte will be transmitted; 


been transmitted; NOT 






ACK bit will be received 


ACK has been received 

no SI DAT action or 

1 

0 

0 

X 

Repeated START will be transmitted; 



no SI DAT action or 

0 

1 

0 

X 

STOP condition will be transmitted; 

STO flag will be reset 



no SI DAT action 

1 

1 

0 

X 

STOP condition followed by a 

START condition will be transmitted; 

STO flag will be reset 

38H 

Arbitration lost in 

No SI DAT action or 

0 

0 

0 

X 

I^C bus will be released; 


SLA+R/Wor 






not addressed slave will be entered 


Data bytes 

No SI DAT action 

1 

0 

0 

X 

A START condition will be transmitted when the 
bus becomes free 
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Table 4. Master Receiver Mode 


STATUS 

STATUS OF THE 

APPUCATION SOFTWARE RESPONSE 


CODE 

BUS AND 

TO/FROM SI DAT 

TOS1CON 

NEXT ACTION TAKEN BY SI01 HARDWARE 

(S1STA) 

SI01 HARDWARE 


STA 

STO 

Si 

AA 


OSH 

A START condition has 

Load SLA+R 

X 

0 

0 

X 

SLA+R will be transmitted; 


been transmitted 






ACK bit will be received 

10H 

A repeated START 

Load SLA+R or 

X 

0 

0 

X 

As above 


condition has been 

Load SLA+W 

X 

0 

0 

X 

SLA+W will be transmitted; 


transmitted 






SI01 will be switched to MST/TRX mode 

38H 

Arbitration lost in 

No SI DAT action or 

0 

0 

0 

X 

I^C bus will be released; 


NOT ACK bit 

No SI DAT action 

1 

0 

0 

X 

SI01 will enter a slave mode 

A START condition will be transmitted when the 
bus becomes free 

40H 

SI_A-rR has been 

No SI DAT action or 

0 

0 

0 

0 

Data byte will be received; 


transmitted; ACK has 






NOT ACK bit will be returned 


been received 

no SI DAT action 

0 

0 

0 

1 

Data byte will be received; 

ACK bit will be returned 

48H 

SLA+R has been 
transmitted: NOT ACK 

No SI DAT action or 

1 

0 

0 

X 

Repeated START condition will be transmitted 


has been received 

no SI DAT action or 

0 

1 

0 

X 

STOP condition will be transmitted; 

STO flag will be reset 



no SI DAT action 

1 

1 

0 

X 

STOP condition followed by a 

START condition will be transmitted; 

STO flag will be reset 

50H 

Data byte has been 

Read data byte or 

0 

0 

0 

0 

Data byte will be received; 


received; ACK has been 





NOT ACK bit will be returned 


returned 

read data byte 

0 

0 

0 

1 

Data byte will be received; 

ACK bit will be returned 

58H 

Data byte has been 
received: NOT ACK has 

Read data byte or 

1 

0 

0 

X 

Repeated START condition will be transmitted 


been returned 

read data byte or 

0 

1 

0 

X 

STOP condition will be transmitted; 

STO flag will be reset 



read data byte 

1 

1 

0 

X 

STOP condition followed by a 

START condition will be transmitted; 

STO flag will be reset 
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Table 5. Slave Receiver Mode 


STATUS 

STATUS OF THE 

APPUCATION SOFTWARE RESPONSE 


CODE 

PC BUS AND 

TO/FROM SI DAT 

TO SI CON 

NEXT ACTION TAKEN BY SI01 HARDWARE 

(S1STA) 

SI01 HARDWARE 


STA 

STO 

SI 

AA 


60H 

Own SLA+W has 

No SI DAT action or 

X 

0 

0 

0 

Data byte will be received and NOT ACK will be 


been received; ACK 






returned 


has been returned 

no SI DAT action 

X 

0 

0 

1 

Data byte will be received and ACK will be returned 

68H 

Arbitration lost in 

No S1 DAT action or 

X 

0 

0 

0 

Data byte will be received and NOT ACK will be 


SLA+RAA7 as master; 






returned 


Own SLA+W has 
been received, ACK 
returned 

no SI DAT action 

X 

0 

0 

1 

Data byte will be received and ACK will be returned 

70H 

General call address 

No SI DAT action or 

X 

0 

0 

0 

Data byte will be received and NOT ACK will be 


(OOH) has been 
received; ACK has 
been returned 

no SI DAT action 

X 

0 

0 

1 

returned 

Data byte will be received and ACK will be returned 

78H 

Arbitration lost in 

No SI DAT action or 

X 

0 

0 

0 

Data byte will be received and NOT ACK will be 


Sl_A+R/W as master; 
General call address 
has been received, 

ACK has been 
returned 

no SI DAT action 

X 

0 

0 

1 

returned 

Data byte will be received and ACK will be returned 



80H 

Previously addressed 

Read data byte or 

X 

0 

0 

0 

Data byte will be received and NOT ACK will be 


with own SLV 
address; DATA has 
been received; ACK 
has been returned 

read data byte 

X 

0 

0 

1 

returned 

Data byte will be received and ACK will be returned 



88H 

Previously addressed 

Read data byte or 

0 

0 

0 

0 

Switched to not addressed SLV mode; no 


with own SLA; DATA 






recognition of own SLA or General call address 


byte has been 

read data byte or 

0 

0 

0 

1 

Switched to not addressed SLV mode; Own SLA will 


received; NOT ACK 





be recognized; General call address will be 


has been returned 

read data byte or 

1 

0 

0 

0 

recognized if SI ADR.O = logic 1 

Switched to not addressed SLV mode; no 








recognition of own SLA or General call address. A 
START condition will be transmitted when the bus 
becomes free 



read data byte 

1 

0 

0 

1 

Switched to not addressed SLV mode; Own SLA will 
be recognized; General call address will be 
recognized if SI ADR.O = logic 1 . A START condition 
will be transmitted when the bus becomes free. 

90H 

Previously addressed 

Read data byte or 

X 

0 

0 

0 

Data byte will be received and NOT ACK will be 


with General Call; 





returned 


DATA byte has been 
received; ACK has 
been returned 

read data byte 

X 

0 

0 

1 

Data byte will be received and ACK will be returned 

98H 

Previously addressed 

Read data byte or 

0 

0 

0 

0 

Switched to not addressed SLV mode; no 


with General Call; 






recognition of own SLA or General call address 


DATA byte has been 

read data byte or 

0 

0 

0 

1 

Switched to not addressed SLV mode; Own SLA will 


received: NOT ACK 






be recognized; General call address will be 


has been returned 

read data byte or 

1 

0 

0 

0 

recognized if S1 ADR.O = logic 1 

Switched to not addressed SLV mode; no 







recognition of own SLA or General call address. A 
START condition will be transmitted when the bus 
becomes free 




read data byte 

1 

0 

0 

1 

Switched to not addressed SLV mode; Own SLA will 
be recognized; General call address will be 
recognized If SI ADR.O = logic 1 . A START condition 
will be transmitted when the bus becomes free. 
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Table 5. Slave Receiver Mode (Continued) 


STATUS 

STATUS OF THE 

APPLICATION SOFTWARE RESPONSE 


CODE 

I^C BUS AND 

TO/FROM S1DAT 

TO S1CON 

NEXT ACTION TAKEN BY SI01 HARDWARE 

(S1STA) 

SI01 HARDWARE 


STA 

STO 

SI 

AA 


AOH 

A STOP condition or 

Read data byte or 

0 

0 

0 

0 

Switched to not addressed SLV mode; no 


repeated START 





recognition of own SLA or General call address 


condition has been 

read data byte or 

0 

0 

0 

1 

Switched to not addressed SLV mode; Own SLA will 


received while still 





be recognized; General call address will be 


addressed as 






recognized If SI ADR.O = logic 1 


SLV/REC orSLV/TRX 

read data byte or 

1 

0 

0 

0 

Switched to not addressed SLV mode; no 
recognition of own SLA or General call address. A 
START condition will be transmitted when the bus 








becomes free 



read data byte 

1 

0 

0 

1 

Switched to not addressed SLV mode; Own SLA will 
be recognized; General call address will be 
recognized If SI ADR.O = logic 1. A START condition 
will be transmitted when the bus becomes free. 


Table 6. Slave Transmitter Mode 


STATUS 

STATUS OF THE 

APPLICATION SOFTWARE RESPONSE 


CODE 

|2C BUS AND 

TO/FROM S1DAT 

TO S1CON 

NEXT ACTION TAKEN BY SI01 HARDWARE 

(S1STA) 

SI01 HARDWARE 


STA 

STO 

SI 

AA 


A8H 

Own SLA+R has been 

Load data byte or 

X 

0 

0 

0 

Last data byte will be transmitted and 


received; ACK has 






ACK bit will be received 


been returned 

load data byte 

X 

0 

0 

1 

Data byte will be transmitted; ACK will be received 

BOH 

Arbitration lost in 

Load data byte or 

X 



0 

Last data byte will be transmitted and ACK bit will 


SLA+R/W as master; 





be received 


Own SLA+R has been 

load data byte 

X 



1 

Data byte will be transmitted; ACK bit will be 


received, ACK has 
been returned 





received 


B8H 

Data byte in SI DAT 

Load data byte or 

X 



0 

Last data byte will be transmitted and 


has been transmitted; 





ACK bit will be received 


ACK has been 

load data byte 

X 



1 

Data byte will be transmitted; ACK bit will be 


received 





received 

COH 

Data byte in SI DAT 

No SI DAT action or 

0 



0 

Switched to not addressed SLV mode; no 


has been transmitted; 






recognition of own SLA or General call address 


NOT ACK has been 

no SI DAT action or 

0 



1 

Switched to not addressed SLV mode; Own SLA will 


received 

no SI DAT action or 

1 



0 

be recognized; General call address will be 
recognized if SI ADR.O = logic 1 

Switched to not addressed SLV mode; no 
recognition of own SLA or General call address. A 
START condition will be transmitted when the bus 








becomes free 



no SI DAT action 

1 



1 

Switched to not addressed SLV mode; Own SLA will 
be recognized; General call address will be 
recognized if SI ADR.O = logic 1 . A START condition 
will be transmitted when the bus becomes free. 

C8H 

Last data byte in 

No SI DAT action or 

0 


0 

0 

Switched to not addressed SLV mode; no 


SI DAT has been 






recognition of own SLA or General call address 


transmitted (AA = 0); 

no SI DAT action or 

0 


0 

1 

Switched to not addressed SLV mode; Own SLA will 


ACK has been 






be recognized; General call address will be 


received 

no SI DAT action or 

1 


0 

0 

recognized if SI ADR.O = logic 1 

Switched to not addressed SLV mode; no 








recognition of own SLA or General call address. A 
START condition will be transmitted when the bus 








becomes free 



no SI DAT action 

1 


0 


Switched to not addressed SLV mode; Own SLA will 
be recognized; General call address will be 
recognized if SI ADR.O = logic 1 . A START condition 
will be transmitted when the bus becomes free. 
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Slave Transmitter Mode: In the slave 
transmitter mode, a number of data bytes are 
transmitted to a master receiver (see 
Figure 20). Data transfer is initialized as in 
the slave receiver mode. When S1ADR and 
S1CON have been initialized, SI01 waits 
until it is addressed by its own slave address 
followed by the data direction bit which must 
be “1” (R) for SI01 to operate in the slave 
transmitter mode. After its own slave address 
and the R bit have been received, the serial 
interrupt flag (SI) is set and a valid status 
code can be read from S1STA. This status 
code is used to vector to an interrupt service 
routine, and the appropriate action to be 
taken for each of these status codes is 
detailed in Table 6. The slave transmitter 
mode may also be entered if arbitration is lost 
while SI01 is in the master mode (see state 
BOH). 

If the AA bit is reset during a transfer, SI01 
will transmit the last byte of the transfer and 
enter state COH or C8H. SI01 is switched to 
the not addressed slave mode and will ignore 
the master receiver if it continues the transfer. 
Thus the master receiver receives all 1 s as 
serial data. While AA Is reset, SI01 does not 
respond to its own slave address or a general 
call address. However, the I^C bus is still 
monitored, and address recognition may be 
resumed at any time by setting AA. This 
means that the AA bit may be used to 
temporarily isolate SI01 from the I^C bus. 

Miscellaneous States: There are two 
S1STA codes that do not correspond to a 
defined SI01 hardware state (see Table 7). 
These are discussed below. 

S1STA = F8H; 

This status code indicates that no relevant 
information is available because the serial 
interrupt flag, SI, is not yet set. This occurs 
between other states and when SI01 is not 
involved in a serial transfer. 

S1STA = 00H: 

This status code indicates that a bus error 
has occurred during an SI01 serial transfer. 

A bus error is caused when a START or 
STOP condition occurs at an illegal position 
in the format frame. Examples of such illegal 
positions are during the serial transfer of an 
address byte, a data byte, or an acknowledge 
bit. A bus error may also be caused when 
external interference disturbs the internal 
SI01 signals. When a bus error occurs, SI is 
set. To recover from a bus error, the STO flag 
must be set and SI must be cleared. This 
causes SI01 to enter the “not addressed” 
slave mode (a defined state) and to clear the 


STO flag (no other bits in SI CON are 
affected). The SDA and SCL lines are 
released (a STOP condition is not 
transmitted). 

Some Special Cases: The SI01 hardware 
has facilities to handle the following special 
cases that may occur during a serial transfer: 

Simultaneous Repeated START Conditions 
from Two Masters 

A repeated START condition may be 
generated in the master transmitter or master 
receiver modes. A special case occurs if 
another master simultaneously generates a 
repeated START condition (see Figure 21). 
Until this occurs, arbitration is not lost by 
either master since they were both 
transmitting the same data. 

If the SI01 hardware detects a repeated 
START condition on the I^C bus before 
generating a repeated START condition itself, 
it will release the bus, and no interrupt 
request is generated. If another master frees 
the bus by generating a STOP condition, 

SI01 will transmit a normal START condition 
(state OSH), and a retry of the total serial data 
transfer can commence. 

Data Transfer After Loss of Arbitration 

Arbitration may be lost in the master 
transmitter and master receiver modes (see 
Figure 13). Loss of arbitration is indicated by 
the following states in SISTA; 38H, 68H, 

78H, and BOH (see Figures 17 and 18). 

If the STA flag In SI CON is set by the 
routines which service these states, then, if 
the bus is free again, a START condition 
(state OSH) is transmitted without intervention 
by the CPU, and a retry of the total serial 
transfer can commence. 

Forced Access to the I^C Bus 

In some applications, it may be possible for 
an uncontrolled source to cause a bus 
hang-up. In such situations, the problem may 
be caused by interference, temporary 
interruption of the bus or a temporary 
short-circuit between SDA and SCL. 

If an uncontrolled source generates a 
superfluous START or masks a STOP 
condition, then the I^C bus stays busy 
Indefinitely. If the STA flag is set and bus 
access is not obtained within a reasonable 
amount of time, then a forced access to the 
I^C bus Is possible. This is achieved by 
setting the STO flag while the STA flag is still 
set. No STOP condition is transmitted. The 
SI01 hardware behaves as if a STOP 


condition was received and is able to transmit 
a START condition. The STO flag is cleared 
by hardware (see Figure 22). 

I^C Bus Obstructed by a Low Level on SCL 
or SDA 

An I^C bus hang-up occurs if SDA or SCL is 
pulled LOW by an uncontrolled source. If the 
SCL line is obstructed (pulled LOW) by a 
device on the bus, no further serial transfer is 
possible, and the SI01 hardware cannot 
resolve this type of problem. When this 
occurs, the problem must be resolved by the 
device that is pulling the SCL bus line LOW. 

If the SDA line is obstructed by another 
device on the bus (e.g., a slave device out of 
bit synchronization), the problem can be 
solved by transmitting additional clock pulses 
on the SCL line (see Figure 23). The SI01 
hardware transmits additional clock pulses 
when the STA flag is set, but no START 
condition can be generated because the SDA 
line is pulled LOW while the I^C bus is 
considered free. The SI01 hardware 
attempts to generate a START condition after 
every two additional clock pulses on the SCL 
line. When the SDA line is eventually 
released, a normal START condition is 
transmitted, state OSH is entered, and the 
serial transfer continues. 

If a forced bus access occurs or a repeated 
START condition is transmitted while SDA Is 
obstructed (pulled LOW), the SI01 hardware 
performs the same action as described 
above. In each case, state OSH is entered 
after a successful START condition is 
transmitted and normal serial transfer 
continues. Note that the CPU is not involved 
in solving these bus hang-up problems. 

Bus Error 

A bus error occurs when a START or STOP 
condition is present at an illegal position in 
the format frame. Examples of illegal 
positions are during the serial transfer of an 
address byte, a data or an acknowledge bit. 

The SI01 hardware only reacts to a bus error 
when it is involved In a serial transfer either 
as a master or an addressed slave. When a 
bus error Is detected, SI01 immediately 
switches to the not addressed slave mode, 
releases the SDA and SCL lines, sets the 
interrupt flag, and loads the status register 
with OOH. This status code may be used to 
vector to a service routine which either 
attempts the aborted serial transfer again or 
simply recovers from the error condition as 
shown in Table 7. 
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Table 7. Miscellaneous States 


STATUS 

STATUS OF THE 

APPUCATION SOFTWARE RESPONSE 


CODE 

|2C BUS AND 

TO/FROM Si DAT 

TOS1CON 

NEXT ACTION TAKEN BY SI01 HARDWARE 

(S1STA) 

SI01 HARDWARE 


STA 

STO 

SI 

AA 


F8H 

No relevant state 
information available; 
Sl=0 

No SI DAT action 

No SI CON action 

Wait or proceed current transfer 

OOH 

Bus error during MST or 
selected slave modes, 
due to an illegal START 
or STOP condition. State 
OOH can also occur 
when interference 
causes SI01 to enter an 
undefined state. 

No SI DAT action 

0 

1 

0 

X 

Only the internal hardware is affected in the 

MST or addressed SLV modes. In all cases, 
the bus is released and SI01 is switched to the 
not addressed SLV mode. STO is reset. 


B 

• 1 1 

SLA ■ W 1 A 1 Data 

1 1 1 

A 

S 

other MST Continues 

P 

S 




Other Master Sends Repeated 
START Condition Earlier 


(" 08 H ) 


Retry 


Figure 21 . Simultaneous Repeated START Conditions from 2 Masters 
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Software Examples of SI01 Service 
Routines: This section consists of a software 
example for; 

- Initialization of SI01 after a RESET 

- Entering the SI01 interrupt routine 

- The 26 state service routines for the 

- Master transmitter mode 

- Master receiver mode 

- Slave receiver mode 

- Slave transmitter mode 

Initialization 

In the initialization routine, Si01 is enabled 
for both master and slave modes. For each 
mode, a number of bytes of internal data 


RAM are allocated to the SIO to act as either 
a transmission or reception buffer. In this 
example, 8 bytes of internal data RAM are 
reserved for different purposes. The data 
memory map is shown in Figure 24. The 
initialization routine performs the following 
functions: 

- S1 ADR is loaded with the part’s own slave 
address and the general call bit (GC) 

- P1.6 and PI .7 bit latches are loaded with 
logic 1 s 

-RAM location HADD is loaded with the 
high-order address byte of the service 
routines 

- The SI01 interrupt enable and interrupt 
priority bits are set 


- The slave mode is enabled by 
simultaneously setting the ENS1 and AA 
bits in S1CON and the serial clock 
frequency (for master modes) Is defined by 
loading CRO and CR1 in S1 CON. The 
master routines must be started in the main 
program. 

The SI01 hardware now begins checking the 
I^C bus for its own slave address and general 
call. If the general call or the own slave 
address Is detected, an interrupt is requested 
and S1STA is loaded with the appropriate 
state information. The following text 
describes a fast method of branching to the 
appropriate service routine. 
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SI01 Interrupt Routine 

When the SI01 interrupt is entered, the PSW 
is first pushed on the stack. Then S1STA and 
HADD (loaded with the high-order address 
byte of the 26 service routines by the 
initialization routine) are pushed on to the 
stack. S1STA contains a status code which is 
the lower byte of one of the 26 service 
routines. The next instruction is RET, which is 
the return from subroutine instruction. When 
this instruction is executed, the high and low 
order address bytes are popped from stack 
and loaded into the program counter. 

The next instruction to be executed is the first 
instruction of the state service routine. Seven 
bytes of program code (which execute in 
eight machine cycles) are required to branch 
to one of the 26 state service routines. 


SI 

PUSH 

PSW 

Save PSW 


PUSH 

SI STA 

Push status code 
(low order 
address byte) 


PUSH 

HADD 

Push high order 
address byte 


RET 


Jump to state 
service routine 


The state service routines are located in a 
256-byte page of program memory. The 
location of this page is defined in the 
initialization routine. The page can be located 
anywhere in program memory by loading 
data RAM register HADD with the page 
number. Page 01 is chosen in this example, 
and the service routines are located between 
addresses 01 OOH and 01 FFH. 

The State Service Routines 

The state service routines are located 8 bytes 
from each other. Eight bytes of code are 
sufficient for most of the service routines. A 
few of the routines require more than 8 bytes 
and have to jump to other locations to obtain 
more bytes of code. Each state routine is part 
of the SI01 interrupt routine and handles one 
of the 26 states. It ends with a RETI 
instruction which causes a return to the main 
program. 


Master Transmitter and Master Receiver 
Modes 

The master mode is entered in the main 
program. To enter the master transmitter 
mode, the main program must first load the 
internal data RAM with the slave address, 
data bytes, and the number of data bytes to 
be transmitted. To enter the master receiver 
mode, the main program must first load tfie 
internal data RAM with the slave address and 
the number of data bytes to be received. The 
R/W bit determines whether SI01 operates in 
the master transmitter or master receiver 
mode. 

Master mode operation commences when the 
STA bit in SI CION is set by the SETB 
instruction and data transfer is controlled by 
the master state service routines in 
accordance with Table 3, Table 4, Figure 1 7, 
and Figure 18. In the example below, 4 bytes 
are transferred. There is no repeated START 
condition. In the event of lost arbitration, the 
transfer is restarted when the bus becomes 
free. If a bus error occurs, the I^C bus is 
released and SI01 enters the not selected 
slave receiver mode. If a slave device returns 
a not acknowledge, a STOP condition is 
generated. 

A repeated START condition can be included 
in the serial transfer If the STA flag is set 
instead of the STO flag in the state service 
routines vectored to by status codes 28H and 
58H. Additional software must be written to 
determine which data Is transferred after a 
repeated START condition. 

Slave Transmitter and Slave Receiver Modes 

After initialization, SI01 continually tests the 
I^C bus and branches to one of the slave 
state service routines if it detects its own 
slave address or the general call address 
(see Table 5, Table 6, Figure 19, and Figure 
20). If arbitration was lost while in the master 
mode, the master mode Is restarted after the 
current transfer. If a bus error occurs, the I^C 


bus is released and SI01 enters the not 
selected slave receiver mode. 

In the slave receiver mode, a maximum of 8 
received data bytes can be stored in the 
internal data RAM. A maximum of 8 bytes 
ensures that other RAM locations are not 
overwritten if a master sends more bytes. If 
more than 8 bytes are transmitted, a not 
acknowledge is returned, and SI01 enters 
the not addressed slave receiver mode. A 
maximum of one received data byte can be 
stored in the Internal data RAM after a 
general call address is detected. If more than 
one byte is transmitted, a not acknowledge is 
returned and SI01 enters the not addressed 
slave receiver mode. 

In the slave transmitter mode, data to be 
transmitted is obtained from the same 
locations in the internal data RAM that were 
previously loaded by the main program. After 
a not acknowledge has been returned by a 
master receiver device, SI01 enters the not 
addressed slave mode. 

Adapting the Software for Different 
Applications 

The following software example shows the 
typical structure of the interrupt routine 
including the 26 state service routines and 
may be used as a base for user applications. 
If one or more of the four modes are not 
used, the associated state service routines 
may be removed but, care should be taken 
that a deleted routine can never be invoked. 

This example does not include any time-out 
routines. In the slave modes, time-out 
routines are not very useful since, in these 
modes, SI01 behaves essentially as a 
passive device. In the master modes, an 
internal timer may be used to cause a 
time-out if a serial transfer is not complete 
after a defined period of time. This time 
period is defined by the system connected to 
the I^C bus. 
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SI01 EQUATE LIST 



LOCATIONS OF THE SI01 SPECIAL FUNCTION REGISTERS 


00D8 

SI CON 

-Oxd8 

00D9 

SI STA 

-Oxd9 

OODA 

SI DAT 

-Oxda 

OODB 

SI ADR 

-Oxdb 

00A8 

lENO 

-0xa8 

00 B8 

IPO 

-02b8 


! BIT LOCATIONS 




STA -Oxdd ! STA bit in SI CON 

SI01HP -Oxbd ! IPO, SI01 Priority bit 


00D5 

00C5 

00C1 

00E5 


IMMEDIATE DATA TO WRITE INTO REGISTER S1CON 


|«****«********************************«**«*****«'**'*********«**********4 

ENS 1_NOTSTA_STO_NOTSLAA_CRO ~0xd5 

ENS 1_NOTSTA_NOTSTO_NOTSLAA_CRO -0xc5 

ENS1_NOTSTA_NOTSTO_NOTSLNOTAA^CRO ~0xc1 
ENS1_STA_NOTSTO_NOTSI_AA_CRO -Oxe5 


! Generates STOP 
! (CRO = 100kHz) 

! Releases BUS and 
! ACK 

! Releases BUS and 
! NOT ACK 
! Releases BUS and 
! set STA 


GENERAL IMMEDIATE DATA 



!*********** 


It***************************************************************** 

0031 

OWNSLA 

-0x31 

! Own SLA+General Call 
! must be written into SI ADR 

OOAO 

ENSI01 

-OxaO 

! EA+ES1, enable SI01 interrupt 
! must be written into lENO 

0001 

PAG1 

-0x01 

! select PAG1 as HADD 

OOCO 

SLAW 

-OxcO 

! SLA+W to be transmitted 

00C1 

SLAR 

-Oxcl 

! SLA+R to be transmitted 

0018 

SELRB3 

-0x18 

! Select Register Bank 3 


|*****************«^**«**************** 

! LOCATIONS IN DATA RAM 


0030 

MTD 

-0x30 

! MST/TRX/DATA base address 

0038 

MRD 

-0x38 

! MST/REC/DATA base address 

0040 

SRD 

-0x40 

! SLV/REC/DATA base address 

0048 

STD 

-0x48 

! SLV/TRX/DATA base address 

0053 

BACKUP 

-0x53 

! Backup from NUMBYTMST 
! To restore NUMBYTMST in case 
! of an Arbitration Loss. 

0052 

NUMBYTMST -0x52 

! Number of bytes to transmit 




! or receive as MST 

0051 

SLA 

-0x51 

! Contains SLA+RA/V to be 
! transmitted. 

0050 

HADD 

-0x50 

! High Address byte for STATE 0 
! till STATE 25. 
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0000 4100 


0200 75DB31 

0203 D296 

0205 D297 

0207 755001 

020A 43A8A0 

020D C2BD 

020F 75D8C5 


! INITIALIZATION ROUTINE 

! Example to initialize IIC Interface as slave receiver or 
! slave transmitter and start a MASTER TFIANSMIT or a MASTER 
! RECEIVE function. 4 bytes will be transmitted or received. 


.sect strt 
.base 0x00 

ajmp INIT ! RESET 


.sect initial 
■base 0x200 

INIT: mov S1ADR,#OWNSLA ! Load own SLA + enable 

! general call recognition 

setb PI (6) ! PI .6 High level, 

setb P1(7) ! PI .7 High level, 

mov HADD,#PAG1 

orl IEN0,#ENSI01 ! Enable SI01 interrupt 

cir SI01HP ! SI01 interrupt low 

! priority 

mov SICON, #ENS1_NOTSTA_NOTSTO_NOTSI_AA_CRO 
! Initialize SLV funct. 


! 

! START MASTER TRANSMIT FUNCTION 

j 


0212 

755204 

mov 

NUMBYTMST,#0x4 

! Transmit 4 bytes. 

0215 

755 ICO 

mov 

SLA.#SLAW 

! SLA+W, Transmit funct. 

0218 

D2DD 

setb 

STA 

! set STA in SI CON 



1 

! START MASTER RECEIVE FUNCTION 


021A 

755204 

mov 

NUMBYTMST.#0x4 

! Receive 4 bytes. 

021D 

7551 Cl 

mov 

SLA,#SLAR 

! SLA+R, Receive funct. 

0220 

D2DD 

setb 

STA 

! set STA in SICON 
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! SI01 INTERRUPT ROUTINE 

.sect intvec 
.base 0x00 






! SI01 interrupt vector 


! S1 STA and HADD are pushed onto the stack. They serve as 
! return address for the RET instruction. 

! The RET instruction sets the Program Counter to address 
! HADD. SI STA and jumps to the right subroutine. 


002B 

CODO 

push psw 

! save psw 

002D 

C0D9 

push SI STA 


002F 

C050 

push HADD 


0031 

22 

ret 

! JMP to address 
IHADD.SISTA. 


! STATE ; 00, Bus error. 

! ACTION ; Enter not addressed SLV mode and release bus. 
STO reset. 

I 

.sect stO 
.base 0x100 


0100 75D8D5 

0103 DODO 
0105 32 


mov S1CON.#ENS1_NOTSTA_STO_NOTSLAA_CRO IcIrSI 
! set STO.AA 

pop psw 
reti 
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! STATE : 08, A, START condition has been transmitted. 

! ACTION ; SLA+R/W are transmitted, ACK bit is received. 

! 

.sect mts8 
.base 0x108 


0108 

8551 DA 

mov 

SI DAT, SLA ! Load SLA+R/W 

01 OB 

75D8C5 

mov 

S1CON,#ENS1_NOTSTA_NOTSTO_NOTSLAA_CRO 




! cir SI 

01 OE 

01A0 

ajmp 

INITBASE1 


! STATE ; 10, A repeated START condition has been 

! transmitted. 

! ACTION : SLA+R/W are transmitted, ACK bit is received. 


.sect mtslO 
.base 0x110 


0110 

8551 DA 


mov 

S1DAT,SLA 

! Load SLA+R/W 

0113 

75D8C5 


mov 

SlCON,#ENS1_NOTSTA 

._NOTSTO„NOTSI_AA„CRO 






! cIr SI 

010E 

01A0 


ajmp 

INITBASE1 




sect ibasel 






.base OxaO 




OOAO 

75D018 

INITBASE1; 

mov 

psw,#SELRB3 


00A3 

7930 


mov 

r1,#MTD 


00A5 

7838 


mov 

rO,#MRD 


00A7 

855253 


mov 

BACKUP, NUMBYTMST 

! Save initial value 

OOAA 

DODO 


pop 

psw 


OOAC 

32 


reti 




March 1993 


751 




Philips Semiconductors 80C51 -Based 8-Bit Microcontrollers 


80C51 Family Derivatives 


8XC552/562 overview 



STATE : 18, Previous state was STATE 8 or STATE 10, 

SLA+W have been transmitted, ACK has 
been received. 

ACTION : First DATA is transmitted, ACK bit 
is received. 


.sect mts18 
base 0x118 

0118 75D018 mov psw,#SELRB3 

011 B 87DA mov S1DAT,@r1 

01 1D 01B5 ajmp CON 


STATE ; 20, SLA+W have been transmitted, NOT ACK 

has been received 

ACTION ; Transmit STOP condition. 


.sect mts20 
.base 0x110 


0120 

75D8D5 

mov 

S1CON.#ENS1 NOTSTA STO NOTSI AA CRO 
! set STO, cir SI 

0123 

DODO 

pop 

psw 

0125 

32 

reti 



STATE : 28, DATA of SI DAT have been transmitted, 

ACK received. 

ACTION ; If Transmitted DATA is last DATA then 

transmit a STOP condition, else transmit 
next DATA. 


.sect mts28 
.base 0x128 


0128 

D55285 


djnz 

NUMBYTMST.NOTLDAT1 ! JMP if NOT last DATA 

01 2B 

75D8D5 


mov 

S1CON.#ENS1_NOTSTA_STO_NOTSLAA_CRO 
! cIr SI, set AA 

01 2E 

01 B9 

.sect mts28sb 
.base OxObO 

ajmp 

RETmt 

OOBO 

75D018 

NOTLDAT1 : 

mov 

psw,#SELRB3 

00B3 

87DA 


mov 

SIDAT^n 

00B5 

75D8C5 

CON: 

mov 

S1CON,#ENS1_NOTSTA_NOTSTO_NOTSLAA_CRO 
! cIr SI, set AA 

00B8 

09 


inc 

r1 

00B9 

OOBB 

DODO 

32 

RETmt 

pop 

reti 

psw 
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! 

! STATE : 30, DATA of S1 DAT have been transmitted, 

! NOT ACK received. 

! ACTION ; Transmit a STOP condition. 


.sect mts30 
.base 0x130 


0130 75D8D5 

0133 DODO 
0135 32 


mov SI CON,#ENS1_NOTSTA_STO_NOTSLAA_CRO 
! set STO, dr SI 

pop psw 
reti 


! 

! STATE : 38, Arbitration lost in SLA+W or DATA. 

! ACTION : Bus is released, not addressed SLV mode is 
! entered. A new START condition is transmitted 

! when the 1 1C bus is free again. 

I 

.sect mts38 
base 0x138 


0138 75D8E5 

01 3B 855352 
013E 01B9 


mov SI CON.#ENS1_STA_NOTSTO_NOTSI_AA_CRO 
mov NUMBYTMSTBACKUP 
ajmp RETmt 


I******************************************************************************************************** 


MASTER RECEIVER STATE SERVICE ROUTINES 





j 

! STATE : 40, Previous state was STATE 08 or STATE 10, 

! SLA+R have been transmitted, ACK received. 

! ACTION : DATA will be received, ACK returned. 


.sect mts40 
.base 0x140 


0140 

75D8C5 

mov 

S1CON,#ENS1 NOTSTA NOTSTO NOTSI AA CRO 
! cir STA, STO, SI set AA 

0143 

01CB 

pop 

reti 

psw 


I 

! STATE : 48, SLA+R have been transmitted, NOT ACK 

! received. 

! ACTION : STOP condition will be generated. 


.sect mts48 
.base 0x148 


0148 

75D8D5 

mov 

S1CON.#ENS1 NOTSTA STO NOTSI AA CRO 
! set STO, dr SI 

014B 

DODO 

pop 

psw 

014D 

32 

reti 
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STATE ; 50. DATA have been received, ACK returned. 

ACTION : Read DATA of S1 DAT. 

DATA will be received, if it is last 

DATA then NOT ACK will be returned else ACK 

will be returned. 


.sect mrs50 
.base 0x150 


0150 

75D018 

mov 

psw.#SELRB3 


0153 

A6DA 

mov 

@r0,S1DAT 

! Read received DATA 

0155 

01 CO 

ajmp 

REC1 



.sect mrs50s 
base OxcO 


OOCO 

D55205 

REC1; 

djnz 

NUMBYTMST, NOTLDAT2 

00C3 

75D8C1 


mov 

S1CON.#ENS1 NOTSTA NOTSTO NOTSI NOTAA CRO 
! dr SI,AA 

00C6 

8003 


sjmp 

RETmr 

00C8 

75D8C5 

NOTLDAT2; 

mov 

S1CON.#ENS1_NOTSTA_NOTSTO_NOTSI_AA_CRO 
! cir SI, set AA 

OOCB 

08 

RETmr: 

inc 

rO 

OOCC 

OOCE 

DODO 

32 


pop 

reti 

psw 


STATE ; 58, DATA have been received, NOT ACK 

returned. 

ACTION ; Read DATA of SI DAT and generate a STOP 
condition. 


.sect mrs58 
base 0x158 

0158 75D018 mov psw.#SELRB3 

01 5B A6DA mov @0,S1DAT 

01 5D 80E9 sjmp STOP 
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*******«-****^********^*«'*************#**«*****#**#*-*#*« «■*♦««■ «-**«'«**«*****«■ 4 -***^**** ******* ****** 

SLAVE RECEIVER STATE SERVICE ROUTINES 
******************************************************************************************************** 
I******************************************************************************************************** 


j 

! STATE : 60, Own SLA+W have been received, ACK 

! returned. 

! ACTION : DATA will be received and ACK returned. 


.sect srs60 
.base 0x160 


0160 

75D8C5 


mov S1CON,#ENS1 NOTSTA NOTSTO NOTSI AA CRO 




! cir SI, set AA 

0163 

75D018 


mov psw,#SELRB3 

0166 

01 DO 

.sect insrd 

.base OxdO 

ajmp INITSRD 

00 DO 

7840 

INITSRD: 

mov rO,#SRD 

00D2 

7908 


mov r1 ,#8 

00D4 

DODO 


pop psw 

00D6 

32 

! 

reti 



! STATE ; 

! 

68, Arbitration lost in SLA and R/W as MST 

Own SLA+W have been received, ACK returned 



! ACTION: 

! 

! 

DATA will be received and ACK returned. 

STA is set to restart MST mode after the 
bus is free again. 



1 - 




.sect srs68 

.base 0x168 


0168 

75D8E5 


mov S1CON,#ENS1_STA_NOTSTO_NOTSLAA_CRO 

016B 

75D018 


mov psw,#SELRB3 

01 6E 

01 DO 

u 

ajmp INITSRD 



! STATE : 

! 

70, General call has been received, ACK 
returned. 



! ACTION : 

1 

.sect srs70 
base 0x170 

DATA will be received and ACK returned. 

0170 

75D8C5 


mov SI CON,#ENS1_NOTSTA_NOTSTO_NOTSLAA_CRO 




!clr SI, set AA 

0173 

75D018 


mov psw,#SELRB3 ! Initialize SRD counter 


!- 




! STATE : 78, Arbitration lost in SLA+R/W as MST. 

! General call has been received, ACK returned. 

! ACTION : DATA will be received and ACK returned. 

! STA is set to restart MST mode after the 

! bus is free again. 


0178 

75D8E5 

.sect srs78 

.base 0x178 

mov S1CON,#ENS1_STA_NOTSTO_ 

_NOTSLAA_CR0 

01 7B 

75D018 

mov psw,#SELRB3 

! Initialize SRD counter 

01 7E 

01 DO 

ajmp INITSRD 
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STATE : 80, Previously addressed with own SLA. 

DATA receiv^, ACK returned. 

ACTION: Read DATA. 

IF received DATA was the last THEN superfluous 
DATA will be received and NOT ACK returned ELSE 
next DATA will be received and ACK returned. 


.sect srs80 
.base 0x180 


0180 

75D018 

mov 

psw.#SELRB3 


0183 

A6DA 

mov 

@rO,S1DAT 

! Read received DATA 

0185 

01 D8 

ajmp 

REC2 



.sect srs80s 
.base 0xd8 


00D8 

D906 

REC2: 

djnz 

r1,NOTLDAT3 


OODA 

75D8C1 


mov 

S1CON,#ENS1 NOTSTA NOTSTO NOTSI 

_NOTAA_CRO 





!clr SI.AA 


OODD 

DODO 


pop 

psw 


OODF 

32 


reti 



OOEO 

75D8C5 

NOTLDAT2: 

mov 

S 1 CON.#ENS 1_NOTSTA_NOTSTO_NOTSI_ 

o 

DC 

<, 





! cir SI, set AA 


00E3 

08 


Inc 

rO 


00E4 

DODO 

RETsr: 

pop 

psw 


00E6 

32 


reti 






! STATE : 

! 

88, Previously addressed with own SLA. 

DATA received NOT ACK returned. 



! ACTION : 

! 

No save of DATA. Enter NOT addressed SLV 
mode. Recognition of own SLA. General call 



! 

1 

recognized. If SI ADR. 0-1 . 



.sect srs88 
.base 0x188 


0188 

75D8C5 


mov S1CON,#ENS1 NOTSTA NOTSTO NOTSI AA CRO 




! cIr SI, set AA 

01 8B 

01E4 

1 

ajmp RETsr 



! STATE ; 

! 

90, Previously addressed with general call. 

DATA has been received, ACK has been returned. 



! ACTION : 

! 

! 

! 

! 

1 

Read DATA. 

After General call only one byte will be 
received with ACK the second DATA will be 
received with NOT ACK. 

DATA will be received and NOT ACK 
returned. 



.sect srs90 
base 0x190 


0190 

75D018 


mov psw,#SELRB3 

0193 

A6DA 


mov @r0,S1 DAT ! Read received DATA 

0195 

01 DA 


ajmp LDAT 
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01 AO 75D8C5 

01 A3 DODO 
01 A5 32 


8XC552/562 overview 


! STATE : 

! 

i 

! ACTION: 

j 

! 

! 


98, Previously addressed with general call. 
DATA has been received, NOT ACK has been 
returned. 

No save of DATA, Enter NOT addressed SLV 
mode. Recognition of own SLA. General call 
recognized, if S1ADR. 0-1. 


.sect srs98 
.base 0x198 


mov SI CON,#ENS 1_NOTSTA_NOTSTO_NOTSI_AA_CRO 
! cir SI, set AA 

pop psw 
reti 


! STATE : 

! ACTION: 

I 


AO, A STOP condition or repeated START has 
been received, while still addressed as 
SLV/REC or SLV/TRX. 

No save of DATA, Enter NOT addressed SLV 
mode. Recognition of own SLA. General call 
recognized, if SI ADR. 0-1 . 


.sect srsAO 
.base 0x1 aO 


mov S1CON,#ENS1_NOTSTA_NOTSTO_NOTSLAA_CRO 
! cIr SI, set AA 

pop psw 
reti 
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! SLAVE TRANSMITTER STATE SERVICE ROUTINES 



1 ************** 

) 




! STATE : 

A8, Own SLA+R received, ACK returned. 



! ACTION: 

1 

DATA will be transmitted, A bit received. 



.sect stsa8 




•base 0x1 a8 


01 A8 

8548DA 


mov SIDATSTD ! load DATA in SI DAT 

01 AB 

75D8C5 


mov S1CON.#ENS1 NOTSTA NOTSTO NOTSI AA CRO 




! cir SI, set AA 

01AE 

01 E8 


ajmp INITBASE2 



.sect ibase2 I 



.base 0xe8 


00E8 

75D018 

INITBASE2: 

mov psw,#SELRB3 

OOEB 

7948 


mov r1 , #STD 

OOED 

09 


inc r1 

OOEE 

DODO 


pop psw 

00 FO 

32 

1 

reti 



! STATE : 

! 

BO. Arbitration lost in SLA and RM as MST. 

Own SLA+R received. ACK returned. 



! ACTION . 

! 

! 

I 

DATA will be transmitted, A bit received. 

STA is set to restart MST mode after the 
bus is free again. 



.sect stsbO 

-base 0x1 bO 


01 BO 

8548DA 


mov SI DAT, STD ! load DATA in SI DAT 

01 B3 

75D8E5 


mov S1CON,#ENS1_STA_NOTSTO_NOTSI AA CRO 

01 B6 

01 E8 

1 

ajmp INITBASE2 



! STATE ; 

B8, DATA has been transmitted, ACK received. 



! ACTION: 

1 

DATA will be transmitted, ACK bit is received. 



.sect stsb8 
.base 0x1 bS 


01 B8 

75D018 


mov psw,#SELRB3 

01 BB 

87DA 


mov S1DAT,@r1 

01 BD 

01 F8 

.sect sen 

.base 0xf8 

ajmp SCON 

00 F8 

75D8C5 

SCON: 

mov SI CON.#ENS1_NOTSTA_NOTSTO_NOTSLAA_CRO 




! dr SI, set AA 

00 FB 

09 


inc r1 

OOFC 

DODO 


pop psw 

OOFE 

32 


reti 
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! STATE : CO, DATA has been transmitted, NOT ACK 
! received. 

! ACTION ; Enter not addressed SLV mode. 


.sect stscO 
.base 0x1 cO 


01 CO 

75D8C5 

mov 

S1CON,#ENS1_NOTSTA_NOTSTO_NOTSLAA_CRO 
Iclr SI. set AA 

01 C3 

DODO 

pop 

psw 

01 C5 

32 

reti 



! 

! STATE : C8, Last DATA has been transmitted (AA=0), 

! ACK received. 

! ACTION : Enter not addressed SLV mode. 

! 

.sect stsc8 
base 0x1 c8 


01 C8 

75D8C5 

mov 

S 1 CON .#ENS 1_NOTSTA_NOTSTO_NOTSI_AA_CRO 
! dr SI, set AA 

01 CB 

DODO 

pop 

psw 

01 CD 

32 

reti 



Reset Circuitry 

The reset circuitry for the 8XC552 is 
connected to the reset pin RST. A Schmitt 
trigger is used at the input for noise rejection 
(see Figure 25). The output of the Schmitt 
trigger is sampled by the reset circuitry every 
machine cyde. 

A reset is accomplished by holding the RST 
pin HIGH for at least two machine cydes (24 
oscillator periods) while the oscillator is 
running. The CPU responds by executing an 
internal reset. During reset, ALE and PSEN 
output a HIGH level. In order to perform a 
correct reset, this level must not be affected 
by external elements. The RST line can also 
be pulled HIGH internally by a pull-up 
transistor activated by the watchdog timer T3. 
The length of the output pulse from T3 is 3 
machine cydes. A pulse of such short 
duration is necessary in order to recover from 
a processor or system fault as fast as 
possible. 

Note that the short reset pulse from Timer T3 
cannot discharge the power-on reset 
capacitor (see Figure 26). Consequently, 
when the watchdog timer is also used to set 
external devices, this capacitor arrangement 
should not be connected to the RST pin, and 
a different circuit should be used to perform 
the power-on reset operation. A timer T3 
overflow. If enabled, will force a reset 
condition to the 8XC552 by an interna! 


! END OF S101 INTERRUPT ROUTINE 

|*******************************-********it*************-*********************************************.****** 

connection, whether the output RTS is tied 
LOW or not. 

The internal reset is executed during the 
second cycle in which RST is HIGH and is 
repeated every cycle until RST goes low. It 
leaves the internal registers as follows; 
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REGISTER 

CONTENT 

ACC 

0000 

0000 

ADCON 

xxOO 

0000 

ADCH 

xxxx 

xxxx 

B 

0000 

0000 

CML0-CML2 

0000 

0000 

CMH0-CMH2 

0000 

0000 

CTCON 

0000 

0000 

CTL0-CTL3 

xxxx 

xxxx 

CTH0-CTH3 

xxxx 

xxxx 

DPL 

0000 

0000 

DPR 

0000 

0000 

lENO 

0000 

0000 

IEN1 

0000 

0000 

IPO 

xOOO 

0000 

IP1 

0000 

0000 

PCH 

0000 

0000 

PCL 

0000 

0000 

PCON 

OxxO 

0000 

PSW 

0000 

0000 

PWMO 

0000 

0000 

PWM1 

0000 

0000 

PWMP 

0000 

0000 

P0-P4 

1111 

1111 

P5 

xxxx 

xxxx 

RTE 

0000 

0000 

SOBUF 

xxxx 

xxxx 

SOCON 

0000 

0000 

S1ADR 

0000 

0000 

SI CON 

0000 

0000 

SI DAT 

0000 

0000 

S1STA 

1111 

1000 

SP 

0000 

0111 

STE 

1100 

0000 

TCON 

0000 

0000 

THO, TH1 

0000 

0000 

TMH2 

0000 

0000 

TLO, TL1 

0000 

0000 

TML2 

0000 

0000 

TMOD 

0000 

0000 

TM2CON 

0000 

0000 

TM2IR 

0000 

0000 

T3 

0000 

0000 


The internal RAM is not affected by reset. At 
power-on, the RAM content is indeterminate. 

interrupts 

The 8XC552 has fifteen interrupt sources, 
each of which can be assigned one of two 
priority levels, as shown in Figure 27. The 
five interrupt sources common to the 80C51 
are the external interrupts (INTO and INTT), 
the timer 0 and timer 1 interrupts (ITO and 
IT1), and the serial I/O Interrupt (Rl or Tl). In 
the 8XC552, the standard serial interrupt is 
called SIOO. Since the subsystems which 
create these Interrupts are identical on both 
parts, their functionality is likewise ictentical. 
The only differences are the locations of the 
enable and priority register configurations and 
the priority structure. This is detailed below 
along with the specifics of the interrupts 
unique to the 8XC552. 

The eight Timer T2 interrupts are generated 
by flags CTI0-CT13, CMI0-CMI2. and by the 
logical OR of flags T20V and T2BO. Flags 
CTIO to CT13 are set by input signals CTOI to 
CT3i. Flags CMIO to CMI2 are set when a 
match occurs between Timer T2 and the 
compare registers CMO, CM1, and CM2. 
When an 8-bit or 16-bit overflow occurs, flags 
T2BO and T20V are set, respectively. These 
nine flags are not cleared by hardware and 
must be reset by software to avoid recurring 
interrupts. 

The ADC interrupt is generated by tiie ADCI 
flag in the ADC control register (ADCON). 

This flag is set when an ADC conversion 
result is ready to be read. ADCI is not cleared 
by hardware and must be reset by software 
to avoid recurring interrupts. 


vdd 



Figure 25. On-Chip Reset Configuration 



Figure 26. Power-On Reset 
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Interrupt enable registers 


Interrupt priority 
registers 


Polling hardware 
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The SI01 (I^C) interrupt is generated by the 
SI flag in the SI01 control register (S1CON). 
This flag is set when S1STA is loaded with a 
valid status code. 

The ADCI flag may be reset by software. It 
cannot be set by software. All other flags that 
generate interrupts may be set or cleared by 
software, and the effect is the same as 
setting or resetting the flags by hardware. 
Thus, interrupts may be generated by 
software and pending interrupts can be 
canceled by software. 

Interrupt Enable Registers: Each interrupt 
source can be Individually enabled or 
disabled by setting or clearing a bit in the 
interrupt enable special function registers 
lENO and IEN1 . All interrupt sources can also 
be globally enabled or disabled by setting or 
clearing bit EA in lENO. The interrupt enable 
registers are described in Figures 28 and 29. 

Interrupt Priority Structure: Each Interrupt 
source can be assigned one of two priority 
levels. Interrupt priority levels are defined by 
the interrupt priority special function registers 
IPO and IP1 . IPO and IP1 are described in 
Figures 30 and 31. 

Interrupt priority levels are as follows; 

“0” — low priority 
“1" — high priority 

A low priority interrupt may be interrupted by 
a high priority interrupt. A high priority 
interrupt cannot be interrupted by any other 
interrupt source. If two requests of different 
priority occur simultaneously, the high priority 


level request is serviced. If requests of the 
same priority are received simultaneously, an 
internal polling sequence determines which 
request is serviced. Thus, within each priority 
level, there is a second priority structure 
determined by the polling sequence. This 
second priority structure Is shown in Table 8. 

The above Priority Within Level structure is 
only used when there are simultaneous 
requests of the same priority level. 

Interrupt Handling: The Interrupt sources 
are sampled at S5P2 of every machine cycle. 
The samples are polled during the following 
machine cycle. If one of the flags was in a set 
condition at S5P2 of the previous machine 
cycle, the polling cycle will find it and the 
interrupt system will generate an LCALL to 
the appropriate service routine, provided this 
hardware-generated LCALL is not blocked by 
any of the following conditions; 

1 . An interrupt of higher or equal priority 
level Is already In progress. 

2. The current machine cycle is not the final 
cycle in the execution of the instruction in 
progress. (No interrupt request will be 
serviced until the instruction in progress is 
completed.) 

3. The instruction in progress is RETI or any 
access to the interrupt priority or interrupt 
enable registers. (No interrupt will be 
serviced after RETI or after a read or write 
to IPO, IP1, lEO, or IE1 until at least one 
other instruction has been subsequently 
executed.) 


The polling cycle is repeated with every 
machine cycle, and the values polled are the 
values present at S5P2 of the previous 
machine cycle. Note that if an interrupt flag is 
active but is not being responded to because 
of one of the above conditions, and if the flag 
is inactive when the blocking condition is 
removed, then the blocked interrupt will not 
be serviced. Thus, the fact that the interrupt 
flag was once active but not serviced is not 
remembered. Every polling cycle is new. 

The processor acknowledges an Interrupt 
request by executing a hardware-generated 
LCALL to the appropriate service routine. In 
some cases it also clears the flag which 
generated the interrupt, and in others it does 
not. It clears the Timer 0, Timer 1 , and 
external interrupt flags. An external interrupt 
flag (lEO or IE1 ) is cleared only If it was 
transition-activated. All other interrupt flags 
are not cleared by hardware and must be 
cleared by the software. The LCALL pushes 
the contents of the program counter on to the 
stack (but it does not save the PSW) and 
reloads the PC with an address that depends 
on the source of the interrupt being vectored 
to as shown in Table 9. 

Execution proceeds from the vector address 
until the RETI instruction is encountered. The 
RETI instruction clears the “priority level 
active” flip-flop that was set when this 
interrupt was acknowledged. It then pops the 
top two bytes from the stack and reloads the 
program counter. Execution of the Interrupted 
program continues from where it was 
interrupted. 


7 6 5 4 3 2 1 0 


lENO 
(ASH) 

(MSB) (LSB) 


Bit 

Symbol 

Function 

IEN0.7 

EA 

Global enable/disable control 

0 = No interrupt is enabled 

1 = Any individually enabled interrupt will 

be accepted 

IEN0.6 

EAD 

Enable ADC interrupt 

IEN0.5 

ESI 

Enable SIOl (I^C) interrupt 

IEN0.4 

ESO 

Enable SiOO (UART) interrupt 

IEN0.3 

ET1 

Enable Timer 1 interrupt 

IEN0.2 

EX1 

Enable External interrupt 1 

lENO.I 

ETO 

Enable Timer 0 interrupt 

IEN0.0 

EXO 

Enable External interrupt 0 


Figure 28. interrupt Enable Register (lENO) 


7 6 5 4 3 2 1 0 


IEN1 
(ESH) 

(MSB) (LSB) 


Bit 

Symbol 

Function 

IEN1.7 

ET2 

Enable T2 overflow inten-upt(s) 

IEN1.6 

ECM2 

Enable T2 comparator 2 interrupt 

IEN1.5 

ECMI 

Enable T2 comparator 1 interrupt 

IEN1.4 

ECMO 

Enable T2 comparator 0 interrupt 

IEN1.3 

ECT3 

Enable T2 capture register 3 interrupt 

IEN1.2 

ECT2 

Enable T2 capture register 2 interrupt 

IEN1.1 

ECT1 

Enable T2 capture register 1 interrupt 

iENl.O 

ECTO 

Enable T2 capture register 0 interrupt 


In all cases, if the enable bit is 0, then the interrupt is disableci, and 
if the enable bit is 1, then the interru^ is enabled. 


Figure 29. interrupt Enable Register (lENl) 



EAD 

ESI 

ESO 


EXI 

ETO 

EXO 



ECM2 

ECMI 

ECMO 

ECT3 

ECT2 

ECTI 

ECTO 
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7 6 

5 4 3 2 1 0 


7 

6 5 4 3 2 1 0 

IPO 

(B8H) 


iPi 

(F8H) 

1 Oyi ^ ^ 


(MSB) 

(LSB) 


(MSB) 

(LSB) 

Bit 

Symbol 

Function 

Bit 

Symbol 

Function 

IP.7 

_ 

Unused 

IP1.7 

PT2 

T2 overflow irrterrupt(s) priority level 

IP.6 

PAD 

ADC interrupt priority level 

IP1.6 

PCM2 

T2 comparator 2 interrupt priority level 

IP.5 

PS1 

SIOl (I^C) interrupt priority level 

IPI. 5 

PCM1 

T2 comparator 1 interrupt priority level 

IP.4 

PSO 

SlOO (UART) interrupt priority level 

IPI .4 

PCMO 

T2 comparator 0 interrupt priority level 

IP.3 

PT1 

Timer 1 interrupt priority level 

IP1.3 

PCT3 

T2 capture register 3 interrupt priority level 

iP.2 

PX1 

External interrupt 1 priority level 

IP1.2 

PCT2 

T2 capture register 2 interrupt priority level 

IP.1 

PTO 

Timer 0 interrupt priority level 

IP1.1 

PCTI 

T2 capture register 1 interrupt priority level 

IP.O 

PXO 

External interrupt 0 priority level 

IP1.0 

PCTO 

T2 capture register 0 interrupt priority level 


Figure 30. 

Interrupt Priority Register (iPO) 


Figure 31. 

Interrupt Priority Register (IPI) 


Table 8. Interrupt Priority Structure 


SOURCE 

NAME 

PRIORITY WITHIN LEVEL 



(highest) 

External interrupt 0 

xo 

T 

SI01 (|2C) 

SI 


ADC completion 

ADC 


Timer 0 overflow 

TO 


T2 capture 0 

CTO 


T2 compare 0 

CMO 


External interrupt 1 

XI 


T2 capture 1 

CT1 


T2 compare 1 

CM1 


Timer 1 overflow 

T1 


T2 capture 2 

CT2 


T2 compare 2 

CM2 


SlOO (UART) 

SO 


T2 capture 3 

CT3 


Timer T2 overflow 

T2 

T 



(lowest) 

Table 9. Interrupt Vector Addresses 

SOURCE 

NAME 

VECTOR ADDRESS 


Timer 0 overflow 
External interrupt 1 
Timer 1 overflow 

5100 (UART) 

5101 (|2C) 

T2 capture 0 
T2 capture 1 
T2 capture 2 
T2 capture 3 
ADC completion 
T2 compare 0 
T2 compare 1 
T2 compare 2 
T2 overflow 



I/O Port Structure 

The 8XC552 has six 8-bit ports. Each port 
consists of a latch (special function registers 


PO to P5), an input buffer, and an output 
driver (port 0 to 4 only). Ports 0-3 are the 
same as in the 80C51 , with the exception of 


the additional functions of port 1 . The parallel 
I/O function of port 4 is equal to that of ports 
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1, 2, and 3. Port 5 may be used as an input 
port only. 

Figure 32 shows the bit latch and I/O buffer 
functional diagrams of the unique 8XC552 
ports. A bit latch corresponds to one bit in a 
port’s SFR and is represented as a D type 
flip-flop. A “write to latch" signal from the CPU 
latches a bit from the internal bus and a “read 
latch” signal from the CPU places the Q 
output of the flip-flop on the internal bus. A 
“read pin” signal from the CPU places the 
actual port pin level on the internal bus. 

Some instructions that read a port read the 
actual port pin levels, and other instructions 
read the latch (SFR) contents. 

Port 1 Operation 

Port 1 operates the same as it does in the 
8051 with the exception of port lines PI .6 and 
PI .7, which may be selected as the SCL and 
SDA lines of serial port SI01 (I^C). Because 
the I^C bus may be active while the device is 
disconnected from N/qd. these pins are 
provided with open drain drivers. Therefore 
pins PI .6 and PI .7 do not have internal 
pull-ups. 

Port 5 Operation 

Port 5 may be used to input up to 8 analog 
signals to the ADC. Unused ADC inputs may 
be used to input digital inputs. These inputs 
have an inherent hysteresis to prevent the 
input logic from drawing excessive current 
from the power lines when driven by analog 
signals. Channel to channel crosstalk (Ct) 
should be taken into consideration when both 
analog and digital signals are simultaneously 
input to Port 5 (see, D C. characteristics in 
data sheet). 

Port 5 is not bidirectional and may not be 
configured as an output port. All six ports are 
multifunctional, and their alternate functions 
are listed in Table 10. A more detailed 
description of these features can be found in 
the relevant parts of this section. 


8XC552/562 overview 


Pulse Width Modulated Outputs 

The 8XC552 contains two pulse width 
modulated output channels (see Figure 33). 
These channels generate pulses of 
programmable length and Interval. The 
repetition frequency is defined by an 8-blt 
prescaler PWMP, which supplies the clock for 
the counter. The prescaler and counter are 
common to both PWM channels. The 8-bit 
counter counts modulo 255, i.e., from 0 to 
254 inclusive. The value of the 8-bit counter 
Is compared to the contents of two registers; 
PWMO and PWM1 . Provided the contents of 
either of these registers is greater than the 
counter value, the corresponding PWMO or 
PWM1 output is set LOW. If the contents of 
these registers are equal to, or less than the 
counter value, the output will be HIGH. The 
pulse-width-ratio is therefore defined by the 
contents of the registers PWMO and PWM1 . 
The pulse-width-ratio is in the range of 0 to 1 
and may be programmed in increments of 
1/255. 


respectively. Since the 8-bit counter counts 
modulo 255, It can never actually reach the 
value of the PWM registers when they are 
loaded with FFH. 

When a compare register (PWMO or PWM1) 
is loaded with a new value, the associated 
output is updated immediately. It does not 
have to wait until the end of the current 
counter period. Both PWMn output pins are 
driven by push-pull drivers. These pins are 
not used for any other purpose. 

Prescaler frequency control register PWMP 

PWMP(FEH) I 7 |6|s|4|3|2|l|o| 
MSB LSB 

PWMP.0-7 Prescaler division factor = 
PWMP + 1 . 

Reading PWMP gives the current reload 
value. The actual count of the prescaler 
cannot be read. 


Buffered PWM outputs may be used to drive 
DC motors. The rotation speed of the motor 
would be proportional to the contents of 
PWMn. The PWM outputs may also be 
configured as a dual DAC. In this application, 
the PWM outputs must be integrated using 
conventional operational amplifier circuitry. If 
the resulting output voltages have to be 
accurate, external buffers with their own 
analog supply should be used to buffer the 
PWM outputs before they are integrated. The 
repetition frequency fpwm, at the PWMn 
outputs is give by; 

fosc 

fpwm = 

2 X (1 + PWMP) X 255 

This gives a repetition frequency range of 
123Hz to31.4kH2 (fosc= 16MHz). At 
fosc = 24MHz, the frequency range is 184Hz 
to 47.1 Hz. By loading the PWM registers with 
either OOH or FFH, the PWM channels will 
output a constant HIGH or LOW level. 


PWMO (FCH) 
PWM1 (FDH) 



4 


M M ° I 

LSB 


PWMO/1 .0-7} Low/high ratio of PWMn = 

fPWMni 
255 - (PWMn) 

Analog-to-Digital Converter 

The analog input circuitry consists of an 
8-input analog multiplexer and a 10-bit, 
straight binary, successive approximation 
ADC. The analog reference voltage and 
analog power supplies are connected via 
separate input pins. The conversion takes 50 
machine cycles, i.e., 37.5jis at an oscillator 
frequency of 16MHz, 25p.s at an oscillator 
frequency of 24MHz. Input voltage swing is 
from OV to +5V. Because the internal DAC 
employs a ratiometric potentiometer, there 
are no discontinuities in the converter 
characteristic. Figure 34 shows a functional 
diagram of the analog input circuitry. 
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Alternate Input 
Function 


Alternate Input 
Function 


Pull-up not present on Pi. 6 and PI. 7. 

*Two period active pull-up as in the 80C51. 




Alternate Function 


Figure 32. Port Bit Latches and I/O Buffers 
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Table 10. Input/Output Ports 


PORT PIN 

ALTERNATE FUNCTION 

PO.O 

ADO ^ 


P0.1 

ADI 


P0.2 

AD2 


P0.3 

AD3 

Multiplexed lower order address/data bus used 

P0.4 

AD4 

r during external memory accesses 

P0.5 

ADS 


P0.6 

AD6 


P0.7 

AD7 j 


P1.0 

CTOI 


P1.1 

CT1I 

Capture timiner input signals for timer T2 

P1.2 

CT2I 

f 

P1.3 

CT3I J 


P1.4 

T2 

T2 event input 

PI. 5 

RT2 

T2 timer reset signal. Rising edge triggered 

PI. 6 

SCL 

Serial port clock line I^C bus 

PI .7 

SDA 

Serial port data line PC bus 

P2.0 

A8 ^ 


P2.1 

A9 


P2.2 

A10 


P2.3 

All 

[ High order address byte used during 

P2.4 

A12 

external memory accesses 

P2.5 

A13 

P2.6 

A14 


P2.7 

A15 J 


P3.0 

RxD 

Serial Input port (UART) 

P3.1 

TxD 

Serial output port (UART) 

P3.2 

INTO 

External interrupt 0 

P3.3 

TNTT 

External interrupt 1 

P3.4 

TO 

Timer 0 external Input 

P3.5 

T1 

Timer 1 external Input 

P3.6 

WR 

External data memory write strobe 

P3.7 

RTJ 

External data memory read strobe 

P4.0 

CMSRO> 

1 

P4.1 

CMSR1 


P4.2 

CMSR2 

> Timer T2: compare and set/reset outputs on a 

P4.3 

CMSR3 

match with timer T2 

P4.4 

CMSR4J 

1 

P4.5 

CMSRS'^ 

I 

P4.6 

CMTO 

V Timer T2: compare and toggle outputs on a match 

P4.7 

CMT1 ^ 

1 with timer T2 

P5.0 

ADCO 


P5.1 

ADC1 


P5.2 

ADC2 


P5.3 

P5.4 

ADC3 

ADC4 

>- Eight analogue ADC inputs 

P5.5 

ADCS 


P5.6 

ADC6 


P5.7 

ADC7 J 
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Analog-to-Digital Conversion: Figure 35 
shows the elements of a successive 
approximation (SA) ADC. The ADC contains 
a DAC which converts the contents of a 
successive approximation register to a 
voltage (VDAC) which is compared to the 
analog input voltage (Vin). The output of the 
comparator is fed to the successive 
approximation control logic which controls the 
successive approximation register. A 
conversion is initiated by setting ADCS in the 
ADCON register. ADCS can be set by 
software only or by either hardware or 
software. 

The software only start mode is selected 
when control bit ADCON. 5 (ADEX) = 0. A 
conversion is then started by setting control 
bit ADCON.3 (ADCS). The hardware or 
software start mode is selected when 
ADCON. 5 = 1 , and a conversion may be 
started by setting ADCON.3 as above or by 
applying a rising edge to external pin STADC. 
When a conversion is started by applying a 
rising edge, a low level must be applied to 
STADC for at least one machine cycle 
followed by a high level for at least one 
machine cycle. 

The low-to-high transition of STADC is 
recognized at the end of a machine cycle, 
and the conversion commences at the 
beginning of the next cycle. When a 
conversion is initiated by software, the 
conversion starts at the beginning of the 
machine cycle which follows the instruction 
that sets ADCS. ADCS is actually 


implemented with two flip-flops: a command 
flip-flop which is affected by set operations, 
and a status flag which is accessed during 
read operations. 

The next two machine cycles are used to 
initiate the converter. At the end of the first 
cycle, the ADCS status flag is set and a value 
of “1 " will be returned If the ADCS flag is read 
while the conversion is in progress. Sampling 
of the analog input commences at the end of 
the second cycle. 

During the next eight machine cycles, the 
voltage at the previously selected pin of port 
5 is sampled, and this input voltage should be 
stable in order to obtain a useful sample. In 
any event, the input voltage slew rate must 
be less than 10V/ms in order to prevent an 
undefined result. 

The successive approximation control logic 
first sets the most significant bit and clears all 
other bits in the successive approximation 
register (10 0000 OOOOB). The output of the 
DAC (50% full scale) is compared to the input 
voltage Vin. If the input voltage is greater 
than VDAC, then the bit remains set; 
otherwise it is cleared. 

The successive approximation control logic 
now sets the next most significant bit (1 1 
0000 OOOOB or 01 0000 OOOOB, depending on 
the previous result), and VDAC is compared 
to Vin again. If the input voltage is greater 
than VDAC, then the bit being tested remains 
set; othenvise the bit being tested is cleared. 


This process is repeated until all ten bits have 
been tested, at which stage the result of the 
conversion is held in the successive 
approximation register. Figure 36 shows a 
conversion flow chart. The bit pointer 
identifies the bit under test. The conversion 
takes four machine cycles per bit. 

The end of the 10-bit conversion is flagged by 
control bit ADCON. 4 (ADCI). The upper 8 bits 
of the result are held in special function 
register ADCH, and the two remaining bits 
are held in ADCON.7 (ADC.1) and ADCON.6 
(ADC.O). The user may ignore the two least 
significant bits in ADCON and use the ADC 
as an 8-bit converter (8 upper bits in ADCH). 
In any event, the total actual conversion time 
is 50 machine cycles for the 8XC552 or 24 
machine cycles for the 8XC562. ADCI will be 
set and the ADCS status flag will be reset 50 
(or 24) cycles after the command flip-flop 
(ADCS) is set. 

Control bits ADCON.O, ADCON. 1, and 
ADCON. 2 are used to control an analog 
multiplexer which selects one of eight analog 
channels (see Figure 37). An ADCajmp RET 
mr conversion in progress is unaffected by an 
external or software ADC start. The result of 
a completed conversion remains unaffected 
provided ADCI = logic 1 ; a new ADC 
conversion already In progress is aborted 
when the idle or power-down mode is 
entered. The result of a completed 
conversion (ADCI = logic 1) remains 
unaffected when entering the idle mode. 
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I ADC.1 I ADC.0 I ADEX 
(MSB) 


ADCI I ADCS I AADR2 1 AADRI | AADRO| 
(LSB) 


Bit 0 of ADC result 

Enable external start of conversion by STADC 

0 = Conversion can be started by software only (by setting ADCS) 

1 = Conversion can be started by software or externally (by a rising edge on STADC) 

ADC interrupt flag: this flag is set when an A/D conversion result is ready to be read. An interrupt is 
invoked if it is enabled. TTie flag may be cleared by the interrupt service routine. While this flag is set, 
the ADC cannot start a new conversion. ADCI cannot be set by software. 

ADC start and status: setting this bit starts an A/D conversion. It may be set by software or by the 
external signal STADC. The ADC logic ensures that this signal is HIGH while the ADC is busy. On com- 
pletion of the conversion, ADCS is reset at the same time the interrupt flag is set. ADCS cannot be 
reset by software. A new conversion may not be started while either ADCS or ADCI is high. 


ADC not busy; a conversion can be started 
ADC busy; start of a new conversion is blocked 
Conversion completed; start of a new conversion is blocked 
Not possible 


Analogue input select: this binary coded address selects one of 
the eight analogue port bits of PS to be input to the converter. It 
can only be changed when ADCI and ADCS are both LOW. 



AADR2 

AADRI 

AADRO 

Selected Analog Channel 

0 

0 

0 

ADCO (P5.0) 

0 

0 

1 

ADCI (PS.1) 

0 

1 

0 

ADC2 (PS.2) 

0 

1 

1 

ADCS (P5.3) 

1 

0 

0 

ADC4 (P5.4) 

0 

1 

0 

ADCS (PS.5) 

1 

1 

0 

ADCS (PS.6) 

1 

1 

1 

ADC7 (PS.7) 


Figure 37. ADC Control Register (ADCON) 
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ADC Resolution and Analog Supply: 

Figure 38 shows how the ADC is realized. 
The ADC has its own supply pins (AVdd and 
AVss) and two pins (Vref+ and Vref-) 
connected to each end of the DAC’s 
resistance-ladder. The ladder has 1023 
equally spaced taps, separated by a 
resistance of “R”. The first tap is located 0.5 x 
R above Vref-, and the last tap is located 1 .5 
X R below Vref+. This gives a total ladder 
resistance of 1024 x R. This structure 
ensures that the DAC is monotonic and 
results In a symmetrical quantization error as 
shown In Figure 40. 

For input voltages between Vref- and (Vref-) 
-1-1/2 LSB, the 10-bit result of an A/D 
conversion will be 00 0000 OOOOB = OOOH. 
For input voltages between (Vref-t-) - 3/2 LSB 
and Vref-t-, the result of a conversion will be 
11 1111 1111B = 3FFH. AVref-randAVref- 


may be between AVqd + 0.2V and AVss - 
0.2V. AVref+ should be positive with respect 
to AVref- and the input voltage (Vin) should 
be between AVref-i- and AVref-. If the analog 
input voltage range Is from 2V to 4V, then 
1 0-bit resolution can be obtained over this 
range If AVref-i- = 4V and AVref- = 2V. 

The result can always be calculated from the 
following formula: 


Result = 1024 x 


V|N-AVref- 

AVref.-AVref- 


Power Reduction Modes 

The 8XC552 has two reduced power modes 
of operation; the idle mode and the 
power-down mode. These modes are entered 
by setting bits In the PCON special function 


register. When the 8XC552 enters the idle 
mode, the following functions are disabled: 

CPU (halted) 

Timer T2 (halted and reset) 

PWMO, PWM1 (reset; outputs are high) 
ADC (conversion aborted if in 

progress). 

In Idle mode, the following functions remain 
active: 

Timer 0 
Timer 1 
Timer T3 
SlOO SI01 
External interrupts 

When the 8XC552 enters the power-down 
mode, the oscillator is stopped. The 
power-down mode Is entered by setting the 
PD bit in the PCON register. The PD bit can 
only be set if the EW input is tied HIGH. 



Total resistance 
= 1023R + 2XR/2 
= 1024R 



Successive 

Approximation 

Register 


Successive 
Approximation 
Control Logic 


Value 0000 0000 00 is output for voltages V^f- to (V,ef_ -i- 1/2 LSB) 
Value 1111 1111 11 is output for voltages (Vref+ - 3/2 LSB) to Vref^. 


Figure 38. ADC Realization 
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SniN+i Rihn+i 


Sin|i| 


Rm = 0.5-3 kohms 
CS + CC = 15pF maximum 

RS = Recommended < 9.6 kohms for 1 LSB @ 12MHz 

NOTE: 

Because the analog to digital converter has a sampled-data comparator, the input looks capacitive to a source. When a conversion is 
initiated, switch Sm closes for 8tcy (8|is (g) 1 2MHz crystal frequency) during which time capacitance Cs + Cc is charged. It should be 
noted that the sampling causes the analog input to present a varying load to an analog source. 

Figure 39. A/D Input: Equivalent Circuit 
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Power-Down Mode: The instruction that sets 
PCON.1 will be the last instruction executed 
in the normal operating mode before the 
power-down mode is entered. In the 
power-down mode, the on-chip oscillator is 
stopped. This freezes all functions; only the 
on-chip RAM and special function registers 
are held. The port pins output the contents of 
their respective special function registers. A 
hardware reset is the only way to terminate 
the power-down mode. Reset re-defines ail 
the special function registers, but does not 
change the on-chip RAM. 

In the power-down mode, Vdd and AVqd can 
be reduced to minimize power consumption. 
Vqd and AVqd must not be reduced before 
the power-down mode is entered and must 
be restored to the normal operating voltage 
before the power-down mode is terminated. 
The reset that terminates the power-down 
mode also freezes the oscillator. The reset 
should not be activated before Vdd and AVdd 
are restored to their normal operating level, 
and must be held active long enough to allow 
the oscillator to restart and stabilize (normally 
less than 10ms). 

The status of the external pins during 
power-down is shown in Table 1 1 . If the 
power-down mode is entered while the 
8XC552 is executing out of external program 
memory, the port data that is held in the P2 
special function register is restored to port 2. 

If a port latch contains a “1 ”, the port pin is 
held HIGH during the power-down mode by 
the strong pull-up transistor. 


Power Control Register PCON: The idle 
and power-down modes are entered by 
writing to bits in PCON. PCON is not bit 
addressable. See Figure 41. 

Memory Organization 
The memory organization of the 8XC552 is 
the same as in the 80C51 , with the exception 
that the 8XC552 has 8k ROM, 256 bytes 
RAM, and additional SFRs. Addressing 
modes are the same in the 8XC552 and the 
80C51. Details of the differences are given in 
the following paragraphs. 

In the 8XC552, the lower 8k of the 64k 
program memory address space is filled by 
internal ROM. By tying the ^ pin high, the 
processor fetches instructions from internal 
program ROM. Bus expansion for accessing 
program memory from 8k upwards is 
automatic since external Instruction fetches 
occur automatically when the program 
counter exceeds 8191 . If the 1^ pin is tied 
low, all program memory fetches are from 
external memory. The execution speed of the 
8XC552 is the same regardless of whether 
fetches are from external or internal program 
memory. If all storage is on-chip, then byte 
location 8191 should be left vacant to prevent 
an undesired pre-fetch from external program 
memory address 8192. 

Certain locations in program memory are 
reserved for specific programs. Locations 
OOOOH to 0002H are reserved for the 
initialization program. Following reset, the 


CPU always begins execution at locations 
OOOOH. Locations 0003H to 0075H are 
reserved for the fifteen interrupt request 
service routines. 

Functionally, the internal data memory is the 
most flexible of the address spaces. The 
internal data memory space is subdivided into 
a 256-byte internal data RAM address space 
and a 128-byte special function register 
(SFR) address space, as shown in Figure 42. 

The internal data RAM address space is 0 to 
255. Four 8-bit register banks occupy 
locations 0 to 31 . 1 28 bit locations of the 
internal data RAM are accessible through 
direct addressing. These bits reside in 16 
bytes of internal data RAM at locations 20H 
to 2FH. The stack can be located anywhere 
in the internal data RAM address space by 
loading the 8-bit stack pointer. The stack 
depth may be 256 bytes maximum. 

The SFR address space is 128 to 255. All 
registers except the program counter and the 
four 8-bit register banks reside in this address 
space. Memory mapping the SFRs allows 
them to be accessed as easily as internal 
RAM, and as such, they can be operated on 
by most instructions. The 56 SFRs are listed 
in Figure 43, and their mapping in the SFR 
address space is shown in Figures 44 and 
45. FIAM bit addresses are the same as in 
the 80C51 and are summarized In Figure 46. 
The special function bit addresses are 
summarized In Figure 47. 


Table 11. External Pin Status During Idle and Power-Down Modes 


MODE 

MEMORY 

ALE 






PORT 4 

PWMO/PWMl 

ldle(1) 

Internal 

1 

1 

Port data 

Port data 

Port data 

Port data 

Port data 

HIGH 

ldle(1) 

External 

1 

1 



Address 

Port data 

Port data 

HIGH 

Power-down 

Internal 

0 

0 

Port data 

Port data 

Port data 

Port data 

Port data 

HIGH 

Power-down 

External 

0 

0 

Floating 

Port data 

Port data 

Port data 

Port data 

HIGH 
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Overlapped 

Space 


Indirect 

Addressing 

Only 


r 555 


555 N 


Upper 

Special 


128 Bytes 

Function 


Internal 

Registers 


RAM 




m 


Direct 

Addressing 

Only 


Addressable J 
Bits in RAM 'S 
(128 Bits) [_ ^ 



127 

120 

7 

0 

R7 

Bank 3 

fK) 


R7 

Bank 2 

RO 


R7 

Bank 1 

RO 


R7 

Bank 1 

RO 



Direct or 
indirect 
Addressing 


Figure 42. Internal Data Memory Address Space 


ARITHMETIC REGISTERS: 

PULSE WIDTH MODULATED O/Ps: 

CAPTURE AND COMPARE LOGIC: 

Accumulator,* B register,* 

Pulse Width Modulation Prescaler 

CapTure CONtrol, 

Program Status Word* 

Pulse Width Modulation Register 0, 

TlMer T2 interrupt flag Register, 

POINTERS: 

Pulse Width Modulation Register 1 

CapTure Low 0, CapTure High 0, 


CapTure Low 1, CapTure High 1, 

Stack Pointer, 

SERIAL I/O PORTS: 

CapTure Low 2, CapTure High 2, 

Data Pointer (High artd Low) 

Serial 0 control,* Serial 0 data BUFfer, 

CapTure Low 3, CapTure High 3, 

PARALLEL I/O PORTS: 

Serial 1 control,* Serial 1 DATa, 

CoMpare Low 0, CoMflare High 0, 

Serial 1 STAtus, Serial 1 ADDress, PCON 

CoMpare Low 1, CoMpare High 1, 

Port 5,* Port 4,’Port 3,* 

CoMpare Low 2, CoMpare High 2 

Port 2,’ Porti,* PortO* 

TIMERS: 

rimer MODe, Timer CONtrol,* 

SeT Enable, ReseT Enable 

INTERRUPT SYSTEM: 

Timer Low 0, Timer High 0, 

ADC 

interrupt Priority 0,* 

Timer Low 1, Timer High 1, 

ADC cONtrol, ADC High byte 

Interrupt Priority 1,* 

TlMer T2 CONtrol, TiMer Low 2, 


interrupt Enable 0,* 

Timer High 2, Timer T3 


Interrupt Enable 1* 

Figure 43. Special Function Registers 

*NOTE: Bit and byte addressable 
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Figure 45. Bit and Byte Addressing Overview of Internal Data Memory 
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7FH 

(MSB) (LSB) 

127 

2FH 

E9 ESI EH E9 EZH E3 EH E9 

47 

2EH 

El ^3 E9 El ^3 E9 Bl ^3 

46 

2DH 

E9 E3 E3 13 EH E3 HI EH 

45 

2CH 


44 

2BH 


43 

2AH 

^3 EliEIIB El IIE IBI d 

42 

29H 

EaOCmSEldBlEll 

41 

28H 

E3 E9 K3 El El K3 E9 E3 

40 

27H 

B3IB3IE*1E^IE^E1BHE1 

39 

26H 

E3 ii3 El ^3 Ei E3 El El 

38 

25H 

E3 E3 ^3 Id El El El El 

37 

24H 

E3 El ^3 ESIiEI ^3 El E3 

36 

23H 

E3 KS B3 KS E3 HQ El KEI 

35 

22H 

E3 BIQ El 19 13 El El 

34 

21H 

E3 E3 d E3 El B3 El El 

33 

20H 

E3 El El E3 El IQ EB B3 

32 

IFH 

Banks 

31 

18H 


24 

17H 

Bank 2 

23 

10H 


16 

OFH 

Bank 1 

15 

08H 


8 

07H 

BankO 

7 

OOH 


0 


Figure 46. RAM Bit Addresses 
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Single-chip 8-bit microcontroller with 

DESCRIPTION 

The 80C552/83C552 (hereafter generically 
referred to as 8XC552) Single-Chip 8-Bit 
Microcontroller is manufactured in an 
advanced CMOS process and is a derivative 
of the 80C51 microcontroller family. The 
8XC552 has the same instruction set as the 
80C51 . Three versions of the derivative exist: 

• 83C552 — 8k bytes mask programmable 
ROM 

• 80C552 — ROMIess version of the 83C552 

• 87C552 — 8k bytes EPROM (described in 
a separate chapter) 

The 8XC552 contains a non-volatile 8k X 8 
read-only program memory (83C552), a 
volatile 256 X 8 read/write data memory, five 
8-bit I/O ports, one 8-bit input port, two 16-bit 
timer/event counters (identical to the timers of 
the 80C51), an additional 16-bit timer coupled 
to capture and compare latches, a 15-source, 
two-priority-level, nested Interrupt structure, 
an 8-Input ADC, a dual DAC pulse width 
modulated interface, two serial interfaces 
(UART and I^C-bus), a “watchdog” timer and 
on-chip oscillator and timing circuits. For 
systems that require extra capability, the 
8XC552 can be expanded using standard 
TTL compatible memories and logic. 

In addition, the 8XC552 has two software 
selectable modes of power reduction — idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial ports, and interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
osdilator, causing all other chip functions to 
be inoperative. 

The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 45 two-byte, and 17 
three-byte. With a 16MHz (24MHz) crystal, 
587o of the instructions are executed in 
0.75p.s (0.5ps) and 407o In 1 .5ps (1 ps). 
Multiply and divide Instructins require 3ps 
(2ps). 


10-bit A/D, capture/compare timer, high-speed outputs, PWM 

I I PIN CONFIGURATIONS 



FEATURES 

• 80C51 central processing unit 

• 8k X 8 ROM expandable externally to 64k 
bytes 

• An additional 1 6-bit timer/counter coupled 
to four capture registers and three compare 
registers 

• Two standard 16-bit timer/counters 

• 256 X 8 RAM, expandable externally to 64k 
bytes 

• Capable of producing eight synchronized, 
timed outputs 

• A 10-bit ADC with eight multiplexed analog 
inputs 

• Two 8-bit resolution, pulse width 
modulation outputs 

• Five 8-bit I/O ports plus one 8-bit input port 
shared with analog inputs 

• l^C-bus serial I/O port with byte oriented 
master and slave functions 

• Full-duplex UART compatible with the 
standard 80C51 

• On-chip watchdog timer 

• Three speed ranges: 

- 1.2 to 16MHz 

-■ 1.2 to 24MHz (ROM, ROMIess only) 

- 1.2 to 30MHz (ROM, ROMIess only) 

• Three operating ambient temperature 
ranges: 

- PCB83C552-5: 0'^C to +70°C 

- PCF83C552-5: ^O'^C to +85°C (XTAL 
frequency max. 24 MHz) 

- PCA83C552-5: -40°C to +125''C (XTAL 
frequency max. 16 MHz) 


CERAMIC 
AND 
PLASTIC 
LEADED CHIP 
CARRIER 


l^l 

0 


Function 

Pin 

Function 

P5.(VADC0 

35 

XTAL1 

Vdd 

36 

vss 

STADC 

37 

vss 

PWMO 

38 

NC 

PWM1 

39 

P2.0/A08 

EW 

40 

P2.1/A09 

P4.0/CMSR0 

41 

P2.2/A10 

P4.1/CMSR1 

42 

P2.3/A11 

P4.2/CMSR2 

43 

P2.4/A12 

P4.3/CMSR3 

44 

P2.5/A13 

P4.4/CMSR4 

45 

P2.6/A14 

P4.5/CMSR5 

46 

P2.7/A15 

P4.6/CMT0 

47 

P5ER 

P4.7/CMT1 

48 

ALE 

RST 

49 

EA 

P1.0/CT0I 

50 

P0.7/AD7 

P1.1/CT1I 

51 

P0.6/AD6 

P1.2/CT2I 

52 

P0.5/AD5 

P1.3/CT3I 

53 

P0.4/AD4 

P1.4/T2 

54 

P0.3/AD3 

P1.5/RT2 

55 

P0.2/AD2 

P1.6/SCL 

56 

P0.1/AD1 

P1.7/SDA 

57 

PO.O/ADO 

P3.0/RXD 

58 

AVref- 

P3.1/TXD 

59 

AVref+ 

P3.2/iFrny 

60 

AVss 

P3.3/INTT 

61 

AVdd 

P3.4/T0 

62 

P5.7/ADC7 

P3.5m 

63 

P5.6/ADC6 

P3.6/WR 

64 

P5.5/ADC5 

P3.7/RI3 

65 

P5.4/ADC4 

NC 

66 

P5.3/ADC3 

NC 

67 

P5.2/ADC2 

XTAL2 

68 

P5.1/ADC1 


PLASTIC 
QUAD FLAT 
PACK 
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ORDERING INFORMATION 


PHIUPS 

PART ORDER NUMBER 

PART MARKING 

NORTH AMERICA PHILIPS 
PART ORDER NUMBER 

DRAWING 

NUMBER 

TEMPERATURE *"0 

AND PACKAGE 

FREQ 

MHz 

ROMiess 

ROM 

ROMiess 

ROM 

PCB80C552-5-16WP 

PCB83C552-5WP/XXX 

S80C552-1A68 

S83C552-1A68 

SOT188 

0 to -1-70. Plastic Leaded Chip 
Carrier 

16 









PCB83C552-5H/XXX 

S80C552-1B 

S83C552-1 B 

SOT318 

0 to +70, Plastic CXtad Flat Pack 

16 




S83C552-2A68 

SOT188 

-40 to +85, Plastic Leaded Chip 
Carrier 

16 








PCF80C552-5-16H 



S83C552-2B 

SOTS 18 

^0 to +85, Plastic Quad Flat 
Pack 

16 

PCA80C552-5-16WP 

PCA83C552-5WP/XXX 

S80C552-6A68 

S83C552-6A68 

SOT188 

-40 to +125, Plastic Leaded Chip 
Carrier 

B 

PCA80C552-5-16H 

PCA83C552-5H/XXX 

S80C552-6B 

S83C552-6B 

SOTS 18 

-40 to +125, Plastic Quad Flat 
Pack 

B 

PCB80C552-5-24WP 

PCB83C552-5WP/XXX 

S80C552-AA68 

S83C552-AA68 

SOT188 

0 to +70, Plastic Leaded Chip 
Carrier 

B 

PCB80C552-5-24H 

PCBS3C552-5H/XXX 

S80C552-AB 

S83C552-AB 

SOTS 18 

0 to +70, Plastic Quad Flat Pack 

24 

PCF80C552-5-24WP 

PCF83C552-5WP/XXX 

S80C552-BA68 

S83C552-BA68 

son 88 



PCF80C552-5-24H 

PCF83C552-5H/XXX 

S80C552-BB 

S83C552-BB 

SOT318 

-40 to +85, Plastic Quad Flat 
Pack 


PCB80C552-5-30WP 

PCB83C552-5WP/XXX 

S80C552-CA68 

S83C552-CA68 

son 88 

0 to +70, Plastic Leaded Chip 
Carrier 

30 

PCB80C552-5-30H 

PCB83C552-5H/XXX 

S80C552-CB 

S83C552-CB 

SOT318 

0 to +70, Plastic Quad Flat Pack 

30 


NOTE: 

1 .XXX denotes the ROM code number 
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EPROM 


S87C552-4A68 


S87C552-4K68 


S87C552-4B 


S87C552-5A68 


S87C552-5K68 


S87C552-5B 


DRAWING 

NUMBER 


0398E 


1473A 


SOT318 


0398E 


1473A 


SOT318 


TEMPERATURE °C 
AND PACKAGE 


0 to +70, Plastic Leaded Chip 
Carrier 


0 to +70, Ceramic Leaded Chip 
Carrier w/Window 


0 to +70, Plastic Quad Flat Pack 


-40 to +85, Plastic Leaded Chip 
Carrier 


-40 to +85, Ceramic Leaded 
Chip Carrier wAWindow 


-40 to +85, Plastic Quad Flat 
Pack 


FREQ 

MHz 


16 


16 


16 


16 


16 
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PLASTIC QUAD FLAT PACK 

PIN FUNCTIONS LOGIC SYMBOL 










/ o 





PQFP 


El 





E 



IgH 

Qj 


Pin 

Function 

Pin 

Function 

1 

P4.1/CMSR1 

41 

P2.3/A11 

2 

P4-2/CMSR2 

42 

P2.4/A12 

3 

NC 


43 

NC 

4 

P4.3/CMSR3 

44 

NC 

5 

P4.4/CMSR4 

45 

P2.5/A13 

6 

P4.5/CMSR5 

46 

P2.6/A14 

7 

P4.6/CMT0 

47 

P2.7/A15 

8 

P4.7/CMT1 

48 

PSEfT 

9 

RST 


49 

ALE 

10 

P1.0/CT0I 

50 

EA 

11 

P1.1/CT1I 

51 

P0.7/AD7 

12 

P1.2/CT2I 

52 

P0.6/AD6 

13 

P1.3/Cr3l 

53 

P0.5/AD5 

14 

P1.4/T2 

54 

P0.4/AD4 

15 

P1.5/RT2 

55 

P0.3/AD3 

16 

P1.6/SCL 

56 

P0.2/AD2 

17 

P1.7/SDA 

57 

PO. 1/ADI 

18 

P3.0/RXD 

58 

PO.O/ADO 

19 

P3.1/TxD 

59 

AVref- 

20 

P3.2/TNTD 

60 

AVref+ 

21 

NC 


61 

AVss 

22 

NC 


62 

NC 

23 

P3.3/TNTT 

63 

AVqd 

24 

P3.4/T0 

64 

P5.7/ADC7 

25 

P3.5/T1 

65 

P5.6/ADC6 

26 

P3.6/WR 

66 

P5.5/ADC5 

27 

P3.7/RI5 

67 

P5.4/ADC4 

28 

NC 


68 

P5.3/ADC3 

29 

NC 


69 

P5.2/ADC2 

30 

NC 


70 

P5.1/ADC1 

31 

XTAL2 

71 

P5.0/ADC0 

32 

XTAL1 


72 

vdd 

33 

1C 


73 

1C 

34 

vss 


74 

STADC 

35 

vss 


75 

PWMO 

36 

Vss 


76 

PWMI 

37 

NC 


77 

EW 

38 

P2.O/A08 

78 

NC 

39 

P2.1/A09 

79 

NC 

40 

P2.2/A10 

80 

P4.0/CMSR0 

NC = not connected 



1C - internally connected (do not use) | 
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BLOCK DIAGRAM 
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PIN DESCRIPTION 



PIN NO. 



MNEMONIC 

PLCC 

QFP 

TYPE 

NAME AND FUNCTION 

Vdd 

2 

72 

1 

Digital Power Supply; +5V power supply pin during normal operation, idle and 
power-down mode. 

STADC 

3 

74 

1 

Start ADC Operation: Input starting analog to digital conversion (ADC operation can also 
be started by software). This pin must not float. 

PWMO 

4 

75 

O 

Pulse Width Modulation: Output 0. 

PWMi 

5 

76 

O 

Pulse Width Modulation: Output 1 . 

EW 

6 

77 

1 

Enable Watchdog Timer: Enable for T3 watchdog timer and disable power-down mode. 

This pin must not float. 

P0.0-P0.7 

57-50 

58-51 

I/O 

Port 0: Port 0 Is an 8-bit open-drain bidirectional I/O port. Port 0 pins that have 1 s written 
to them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. In 
this application it uses strong internal pull-ups when emitting Is. 

P1.0-P1.7 

16-23 

10-17 

I/O 

Port 1 : 8-bit I/O port. Alternate functions include: 


16-21 

10-15 

I/O 

(P1.0-P1.5): Quasi-bidirectional port pins. 


22-23 

16-17 

I/O 

(PI .6, P1.7): Open drain port pins. 


16-19 

10-13 

1 

CT0I-CT3I (PI. 0-PI .3): Capture timer input signals for timer T2. 


20 

14 

1 

T2 (PI .4): T2 event input. 


21 

15 

1 

RT2 (PI. 5): T2 timer reset signal. Rising edge triggered. 


22 

16 

I/O 

SCL (PI. 6): Serial port clock line I^C-bus. 


23 

17 

I/O 

SDA (Pi .7): Serial port data line I^C-bus. 

Port 1 is also used to input the lower order address byte during EPROM programming and 
verification. AO is on PI .0, etc. 

P2.0-P2.7 

39-46 

38-42, 

45-47 

I/O 

Port 2: 8-bit quasi-bidirectional I/O port. 

Alternate function: High-order address byte for external memory (A08-A15). 

P3.0-P3.7 

24-31 

24 

25 

26 

27 

28 

29 

30 

31 

18-20, 

23-27 

18 

19 

20 

23 

24 

25 

26 

27 

I/O 

Port 3: 8-blt quasi-bidirectional I/O port. Alternate functions include: 

RxD(P3.0): Serial input port. 

TxD (P3.1): Serial output port. 

INTO (P3.2): External interrupt. 

INTT (P3.3): External Interrupt. 

TO (P3.4): Timer 0 external Input. 

T1 (P3.5): Timer 1 external input. 

WR (P3.6); External data memory write strobe. 

TO (P3.7): External data memory read strobe. 

P4.0-P4.7 

7-14 

80. 1-2 
4-8 

I/O 

Port 4: 8-bit quasi-bidirectional I/O port. Alternate functions include: 


7-12 

80. 1-2 
4-6 

o 

CMSR0-CMSR5 (P4.0-P4.5): Timer T2 compare and set/reset outputs on a match with 
timer T2. 


13. 14 

7,8 

o 

CMTO, CMT1 (P4.6, P4.7): Timer T2 compare and toggle outputs on a match with timer T2. 

P5.0-P5.7 

68-62, 

1 

71-64, 

1 

Port 5: 8-bit input port. 

ADC0-ADC7 (P5.0-P5.7): Alternate function: Eight input channels to ADC. 

RST 

15 

9 

I/O 

Reset: Input to reset the 8XC552. It also provides a reset pulse as output when timer T3 
overflows. 

XTAL1 

35 

32 

1 

Crystal Input 1: Input to the inverting amplifier that forms the oscillator, and input to the 
internal clock generator. Receives the external clock signal when an external oscillator is 
used. 

XTAL2 

34 

31 

o 

Crystal Input 2: Output of the inverting amplifier that forms the oscillator. Left open-circuit 
when an external clock Is used. 


November 25, 1992 


782 





Philips Semiconductors Microcontroller Products 


Product specification 


Single-chip 8-bit microcontroller 


80C552/83C552 


PIN DESCRIPTION (Continued) 



PIN NO. 



MNEMONIC 

PLCC 

QFP 

TYPE 

NAME AND FUNCTION 

Vss 

36, 37 

34-36 

1 

Two Digital ground pins. 

PSER 

47 

48 

O 

Program Store Enable: Active-low read strobe to external program memory. 

ALE 

48 

49 

O 

Address Latch Enable: Latches the low byte of the address during accesses to external 
memory. It is activated every six oscillator periods. During an external data memory 
access, one ALE pulse is swpped. ALE can drive up to eight LS TTL inputs and handles 
CMOS inputs without an external pull-up. 

EA 

49 

50 

1 

External Access: When EA is held at TTL level high, the CPU executes out of the internal 
program ROM provided the program counter is less than 8192. When EA is held at TTL low 
level, the CPU executes out of external program memory. EA is not allowed to float. 

AVref_ 

58 

59 

1 

Analog to Digital Conversion Reference Resistor: Low-end. 

AVref+ 

59 

60 

1 

1 

Analog to Digital Conversion Reference Resistor: High-end. 

AVss 

60 

1 

61 

1 

Analog Ground 

AVdd 

61 

63 

1 

Analog Power Supply 


NOTE: 

1 To avoid “latch-up” effect at power-on, the voltage on any pin at any time must not be higher or lower than Vdd + 0.5V or Vss - 0.5V, 
respectively. 


OSCILLATOR 

CHARACTERISTICS 

XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol, 
page 780. 

To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 


RESET 

A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on Vqd and RST must 
come up at the same time for a proper 
start-up. 


IDLE MODE 

In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 


remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN MODE 

In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. The 
control bits for the reduced power modes are 
in the special function register PCON. Table 1 
shows the state of the I/O ports during low 
current operating modes. 


Table 1. External Pin Status During Idle and Power-Down Modes 


MODE 

PROGRAM 

MEMORY 

ALE 

PSER 

PORTO 

PORT1 

PORT 2 

PORTS 

PORT 4 

PWMO/ 

PWM1 

Idle 

Internal 

1 

1 

Data 

Data 

Data 

Data 

Data 

1 

Idle 

External 

1 

1 

Float 

Data 

Address 

Data 

Data 

1 

Power-down 

Internal 

0 

0 

Data 

Data 

Data 

Data 

Data 

1 

Power-down 

External 

0 

0 

Float 

Data 

Data 

Data 

Data 

1 
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Serial Control Register (S1CON) - See Table 2 


CR2 

ENS1 


STO 

SI 1 AA 

cm 

CRO 


Bits CRO, CR1 and CR2 determine the serial clock frequency that is generated in the master mode of operation. 


Table 2. Serial Clock Rates 





BIT FREQUENCY (kHz) AT fosc 


CR2 

CR1 

CRO 

6MHz 

12MHz 

16MHz 

24MHz2 

30MHz2 

fosc DIVIDED BY 

0 

0 

0 

23 

47 

62.5 

94 

117 1 

256 

0 

0 

1 

27 

54 

71 

107 ^ 

134 1 

224 

0 

1 

0 

31 

63 

83.3 

125 1 

156 ^ 

192 

0 

1 

1 

37 

75 

100 

150 1 

188 ^ 

160 

1 

0 

0 

6.25 

12.5 

17 

25 

31 

960 

1 

0 

1 

50 

100 

133 1 

200 ^ 

250 1 

120 

1 

1 

0 

100 

200 

267 1 

400 1 

500 1 

60 

1 

1 

1 

0.24 < 62.5 

0.49 < 62.5 

0.65 < 55.6 

0.98 < 50.0 

1.22 <52.1 

96 X (256 - (reload value 
Timer 1)) 




0<255 

0<254 

0<253 

0<251 

0<250 

reload value Timer 1 
in Mode 2. 


NOTE: 

1 These frequencies exceed the upper limit of lOOkHz of the I^C-bus specification and cannot be used in an I^C-bus application. 
2.At fosc = 24MHz/ 30MHz the maximum I^C bus rate of 100kHz cannot be realized due to the fixed divider rates. 


ABSOLUTE MAXIMUM RATINGS^ ^ ^ 


PARAMETER 

RATING 

UNIT 

Storage temperature range 

-65to-Ll50 


Voltage on any other pin to Vss 

-0.5 to -»-6.5 

V 

Input, output DC current on any single I/O pin 

5.0 

mA 

Power dissipation (based on package heat transfer limitations, not device power 
consumption) 

1.0 

W 


NOTES: 


1 .Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 

charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 

noted. 


DEVICE SPECIFICATIONS 


TYPE 

SUPPLY VOLTAGE (V) 

FREQUENCY (MHz) 

TEMPERATURE RANGE (°C) 


MAX 

MIN 

MAX 

PCB83(0)C552-5-16 

4.0 

6.0 

1.2 

16 

0 to -^70 

PCF83(0)C552-5-16 

4.0 

6.0 

1.2 

16 

-40 to +B5 

PCA83(0)C552-5-16 

4.5 

5.5 

1.2 

16 

-40 to 4-125 

PCB83(0)C552-5-24 

4.5 

5.5 

1.2 

24 

0 to +70 

PCF83(0)C552-5-24 

4.5 

5.5 

1.2 

24 

-40 to +85 

PCB83(0)C552-5-30 

4.5 

5.5 

1.2 

30 

0 to +70 
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DC ELECTRICAL CHARACTERISTICS 

Vss.AVss = OV 

SYMBOL PARAMETER 

Idd Supply current operating : 

PCB8XC552-5-16 

PCF8XC552-5-16 

PCA8XC552-5-16 

PCB8XC552-5-24 

PCF8XC552-5-24 

PCB8XC552-5-30 

liD Idle mode: 

PCB8XC552-5-16 

PCF8XC552-5-16 

PCA8XC552-5-16 

PCB8XC552-5-24 

PCF8XC552-5-24 

PCB8XC552-5-30 

ipD Power-down current; 

PCB8XC552 

PCF8XC552 

PCA8XC552 


Input low voltage, except EA, P1.6, P1.7 


Input low voltage to EA 


Input low voltage to PI .6/SCL, P1.7/SDA® 

Input high voltage, except XTAL1 , RST, P1 .6/SCL, PI .7/SDA 
Input high voltage, XTAL1 , RST 


Input high voltage, P1. 6/SCL, P1.7/SDA^ 


Logical 0 input current, ports 1 , 2, 3, 4, except PI .6, PI .7 


Logical 1-to-O transition current, ports 1 , 2, 3, 4, except P1 .6, P1.7 
Input leakage current, port 0, EA, STADC, EW 


Input leakage current, P1. 6/SCL, P1. 7/SDA 


Input leakage current, port 5 

Output low voltage, ports 1, 2, 3, 4, except P1.6, P1 .7 

Output low voltage, port 0, ALE, PSEN, PWMO, 
PWMI 

Ou4>ut low voltage, P1. 6/SCL, P1. 7/SDA 


Output high voltage, ports 1, 2, 3, 4, except P1. 6/SCL, P1 .7/SDA 


TEST 

CONDITIONS 


See notes 1 and 2 
fosc = 16MHz 
lose = I6MH2 
^osc = I6MH2 
fosc = 24MHz 
fosc = 24MHz 
fosc = 30MHz 

See notes 1 and 3 
fosc ~ 16MHz 
fosc = 16MHz 
fosc = 16MHz 
fosc = 24MHz 
fosc = 24MHz 
fosc = 30MHz 

See notes 1 and 4; 

2V < VpD < Vdd max 


0V<Vi<6V 
OV < Vdd < 5.5V 


0.45V <V|< Vdd 


Iql = 1 .6mA^ 
loL = 3.2n\fi7 

Iql = 3.0mA^ 


Vdd = 5V+10% 
“foH = 60pA 
-•oh = 25pA 

-Iqh = lOpA 


50 pA 

50 pA 

150 pA 


-0.5 0.2Vdd-0.1 


0.2Vdd-0.3 



V 


V 

HSlBSEIIIIlii 

V 

6.0 

V 

-50 


-650 


10 

BSI 

10 

pA 

1 

pA 


0.45 

V 

0.45 

V 

0.4 

V 
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DC ELECTRICAL CHARACTERISTICS (Continued) 




TEST 

LIMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

MAX 

UNIT 

I Outputs (Continued) | 

VoHI 

Output high voltage (port 0 in external bus mode, ALE, 

PSEN, PWMO, PWM1)® 

Vdd = 5V -f10% 

— Iqh = 400jiA 

2.4 


V 



-Iqh = ^ 50pA 

0.75Vdd 


V 



-loH = 40pA 

0-9 Vdd 


V 

VoH2 

Output high voltage (RST) 

-Iqh = 400pA 

2.4 


V 



-loH = 120|iA 

0.8Vdd 


V 

Rrst 

Internal reset pull-down resistor 


50 

150 

kQ 

Cio 

Pin capacitance 

Test freq = 1 MHz, 


10 

pF 



TarTt = 25°C 




Analog Inputs | 

AVdd 

Analog supply voltage: 






PCB8XC552-5-16 

AVod = Vdd±0.2V 

4.0 

6.0 

V 


PCF8XC552-5-16 

AVdd = Vdd±0.2V 

4.0 

6.0 

V 


PCA8XC552-5-16 

AVdd = Vd[^0.2V 

4.5 

5.5 

V 


PCB8XC552-5-24 

AVDD = VD[jt0.2V 

4.5 

5.5 

V 


PCF8XC552-5-24 

AVDD = VDi>t0.2V 

4.5 

5.5 

V 


PCB8XC552-5-30 

AVdd = Vdd±0.2V 

4.5 

5.5 

V 

AIqd 

Analog supply current: operating: (16MHz) 

Port 5 = 0 to AVdd 


1.2 

mA 


Analog supply current: operating: (24MHz, 30MHz) 

Port 5 = 0 to AVdd 


1.0 

mA 

AIid 

Idle mode: 






PCB8XC552-5-16 



50 

ma 


PCF8XC552-5-16 



50 

ma 


PCA8XC552-5-16 



100 

pA 


PCB8XC552-5-24 



50 

pA 


PCF8XC552-5-24 



50 

pA 


PCB8XC552-5-30 



50 

pA 

AlpD 

Power-down mode: 

2V < AVpD < AVdd max 





PCB8XC552 



50 

pA 


PCF8XC552 



50 

pA 


PCA8XC552 



100 

pA 

AV,n 

Analog input voltage 


AVss-0.2 

AVdd+0.2 

V 

AVref 

Reference voltage: 






AVref- 


AVss-0.2 


V 


AVref+ 



AVdd+0.2 

V 

Rref 

Resistance between AVref+ and AVref- 


10 

50 

kQ 

C|A 

Analog input capacitance 



15 

pF 

fADS 

Sampling time 



8tcY 

ps 

tADC 

Conversion time (including sampling time) 



50tcY 

ps 

DU 

Differential non-linearity^O’ 12 



±1 

LSB 

lU 

Integral non-linearity^®- 



±2 

LSB 

OSe 

Offset error^®’ 



±2 

LSB 
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DC ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

LIMITS 

UNIT 

MIN 1 MAX 

Analog Inputs (continued) | 

Ge 

Gain error'' 



±0.4 

% 

Ae 

Absolute voltage error' 



±3 

LSB 

Mctc 

Channel to channel matching 



±1 

LSB 

C, 

Crosstalk between inputs of port 5'^ 

O-IOOkHz 


-60 

dB 


NOTES FOR DC ELECTRICAL CHARACTERISTICS: 

I. See Figures 10 through 15 for Iqd test conditions. 

2. The operating supply current is measured with all output pins disconnected; XTAL1 driven with t^ = tf = 10ns; Vl = Vss + 0.5V; 

ViH = Vdd - 0.5V; XTAL2 not connected; FA = RST = Port 0 = EW = Vdd; STADC = Vss 

3. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with tr = tf = 10ns; V|l = Vss + 0.5V; 

ViH = Vdd - 0.5V; XTAL2 not connected; Port 0 = HW = Vdd: HA = RST - STADC = Vss- 

4. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = EW = Vdd: 

EA = RST = STADC = XTAL1 = Vgs- 

5. The input threshhold voltage of PI .6 and PI .7 (SI01) meets the I^C specification, so an input voltage below 1 .5V will be recognized as a logic 

0 while an input voltage above 3.0V will be recognized as a logic 1 . 

e.Pins of ports 1 (except PI .6, PI .7), 2, 3, and 4 source a transition current when they are being externally driven from 1 to 0. The transition 
current reaches its maximum value when V|n is approximately 2V. 

7. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the Vqls of ALE and ports 1 and 3. The noise is due to 
external bus capadtance discharging into the port 0 and port 2 pins when these pins make 1 -to-0 transitions during bus operations. In the 
worst cases (capacitive loading > lOOpF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. Iql can exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 

S.CapacItive loading on ports 0 and 2 may cause the Vqh on ALE and PSEN to momentarily fall below the O.QVdd spedfication when the 
address bits are stabilizing. 

9. The following condition must not be exceeded: Vdd - 0 2V < AVdd < Vdd + 0-2V. 

10. Conditions: AVr^f- = OV; AVdd = 5.0V, AVref+ (80C552, 83C552) = 5.12V ADC is monotonic with no missing codes. Measurement by 
continuous conversion of AV|n = -20mV to 5.12V in steps of 0.5m V. 

II. The differential non-linearity (DLq) is the difference between the actual step width and the ideal step width. (See Figure 1.) 

12. The ADC is monotonic; there are no missing codes. 

13. The integral non-linearity (IL^) is the peak difference between the center of the steps of the actual and the ideal transfer curve after 
appropriate adjustment of gain and offset error. (See Figure 1 .) 

14. The offset error (OSe) is the absolute difference between the straight line which fits the actual transfer curve (after removing gain error), and 
a straight line which fits the ideal transfer curve. (See Figure 1 .) 

15. The gain error (Gq) is the relative difference in percent between the straight line fitting the actual transfer curve (after removing offset error), 
and the straight line which fits the ideal transfer curve. Gain error is constant at every point on the transfer curve. (See Figure 1 .) 

16. The absolute voltage error (A^) is the maximum difference between the center of the steps of the actual transfer curve of the non-calibrated 
ADC and the Ideal transfer curve. 

17. This should be considered when both analog and digital signals are simultaneously input to port 5. 
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AC ELECTRICAL CHARACTERISTICS’ - 2 

16 MHz version 


16MHz CLOCK 


I SYMBOL 


1/tCLCL 



tpLAZ I 

Data Memory 

tRLRH I 



tAVWL 


tQVWX 


tow 


tWHQX 


fRLAZ 

tyVHLH 3 

External Clock 


tCHCX 


tCLCX 


tCLCH 


fCHCL 


PARAMETER 


Oscillator frequency 


ALE pulse width 


Address valid to ALE low 


Address hold after ALE low 


ALE low to valid instruction in 


ALE low to PSEKI low 


PSEN pulse width 


PsEN low to valid instruction in 


Input instruction hold after PSEN 


Input instruction float after PsEN 


Address to valid instruction in 
PsEN low to address float 

no pulse width 
WR pulse width 


RD low to valid data in 


Data hold after R0 
Data float after RD 


ALE low to valid data in 


Address to valid data in 


ALE low to RtJ or WR low 


Address valid to WR low or RD low 


Data valid to WR transition 
Data before WR 


Data hold after WR 


RD low to address float 
RD or WR high to ALE high 


VARIABLE CLOCK 
im I MAX 











0 

fCLCL+40 


High time"^ 
Low time^ 


Rise time"^ 


Fall time"^ 


Serial Timing - Shift Register Mode'* (Test Conditions: Tamb = 0°C to -i-70®C; Vss = OV; Load Capaci 


txLXL 6 Serial port clock cycle time 0.75 



tXLXL 

6 

Serial port clock cycle time 

iQVXH 

6 

Output data setup to clock rising edge 

tXHQX 

6 

Output data hold after clock rising edge 

txHDX 

6 

Input data hold after clock rising edge 

tXHDV 

6 

Clock rising edge to input data valid 

NOTES: 


iatnce = 80pF) 


IStcLCL 

101clcl~133 

2tcLCL-117 

0 


20 

ns 

20 

ns 



^lS 


ns 


ns 


ns 

1 0tCLCL~1 33 

ns 


1. Parameters are valid over operating te mpera ture range unless othenvise specified. 

2. Load capacitance for port 0, ALE, and PSEN = 1 0OpF, load capacitance for all other outputs = 80pF. 

S fcLCL = = one oscillator clock period. 

tcLCL = 83.3ns at fosc = 12MHz. 
tcLCL = 62.5ns at fosc = 16MHz. 

4.These values are characterized but not 100% production tested. 
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AC ELECTRICAL CHARACTERISTICS (Conlinued)i. 2 

24/30 MHz version 


SYMBOL 

FIGURE 

PARAMETER 

24MHz CLOCK 

30MHz CLOCK 

VARIABLE CLOCK 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 


2 

Osdilator frequency 





1.2 

24 

MHz 

tlHLL 

2 

ALE pulse width 

43 


27 


2tcLCL-^0 


ns 

UVLL 

2 

Address valid to ALE low 

17 


8 


tcLCL”25 


ns 

tlLAX 

2 

Address hold after ALE low 

17 


8 


1clcl-25 


ns 

fLLIV 

2 

ALE low to valid instruction in 




68 



ns 

tlLPL 

2 

ALE low to PSEN low 

17 


8 


tCLCL-25 


ns 

tpLPH 

2 

PSEN pulse width 

80 


55 


3tcLCL-45 



tPLIV 

2 

PSEN low to valid instruction In 


65 


40 


3tcLCL-60 

ns 

tpxix 

2 

Input instruction hold after PSEN 

0 


0 


0 


ns 

tpxiz 

2 

Input instruction float after PSEN 


17 


8 


tCLCL-25 

ns 

Uviv 

2 

Address to valid instruction in 


128 


87 


3tcLCL“30 

ns 

tpLAZ 

2 

PSEN low to address float 


10 


10 


10 

ns 

Data Memory | 

fRLRH 

3 

ns pulse width 

150 


100 


StcLCL— 1 00 


ns 

tyVLWH 

4 

WR pulse width 

150 


100 


0tCLCL“1 00 


ns 

fRLDV 

3 

RS low to valid data in 


118 


77 


5tcLCL-00 

ns 

tRHDX 

3 

Data hold after RD 

0 


0 


0 


ns 

tRHDZ 

3 

Data float after HD 


55 


39 


2tcLCL-28 

ns 

flLDV 

3 

ALE low to valid data in 


183 




8tcLCL~1 30 

ns 

Wdv 

3 

Address to valid data in 


210 


135 



ns 

tLLWL 

3,4 

ALE low to RD or WR low 

75 

175 

50 

150 


3tCLCL+30 

ns 

tAVWL 

3.4 

Address valid to WR low or RD low 

mm 




KQSEEIil 


ns 

tQVWX 

4 

Data valid to WR transition 

WBM 


3 


^BI5S3llli 


ns 

tow 

4 

Data before WR 








fwHQX 

4 

Data hold after WR 

17 


8 


1cLCL-25 


ns 

fRLAZ 

3 

RS low to address float 


0 


0 


0 

ns 

tWHLH 

3,4 

RtJ or WR high to ALE high 

17 

67 

8 

58 

tcLCL-25 

tCLCL+25 

ns 

External Clock | 

tCHCX 

5 

High time^ 

17 


15 


17 


ns 

tcLCX 

5 

Low time^ 

17 


15 


17 


ns 

fcLCH 

5 

Rise time^ 


5 


3 


20 

ns 

tCHCL 

5 

Fall time^ 


5 


3 


20 

ns 

Serial Timing - Shift Register Mode^ (Test Conditions; Tamb = 0°C to -i-70°C; Vss = OV; Load Capaciatnce = 80pF) 

tXLXL 

6 

Serial port clock cycle time 

0.5 


0.4 


1 2tcLCL 


ps 

fQVXH 

6 

Output data setup to clock rising edge 





10tcLCL“^ 33 


ns 

tXHQX 

6 

Output data hold after clock rising edge 

23 


6.6 


2tcLCL-60 


ns 

tXHDX 

6 

Input data hold after clock rising edge 

0 


0 


0 


ns 

fXHDV 

6 

Clock rising edge to input data valid 


283 


200 


10tcLCL“‘l33 

ns 


NOTES: 


1 .Parameters are valid over operating te mpera ture range unless otherwise specified. 

2. Load capacitance for port 0, ALE, and PSEN = 100pF, load capacitance for all other outputs = 80pF. 
S.These values are characterized but not 100% production tested. 

4.tcLCL = 1/fosc = ori6 oscillator clock period. 
fcLCL = 41 .7ns at fosc = 24MH2. 
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AC ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL 

PARAMETER 

INPUT 

OUTPUT 

1 I^C Interface (Refer to Figure 9) | 

tHDl STA 

START condition hold time 

^ 14 tcLCL 

> 4. Ops ^ 

flow 

SCL low time 

^ 16 tcLCL 

> 4.7ps 1 

tniGH 

SCL high time 

^ 14 tcLCL 

> 4.0ps ^ 

tRC 

SCL rise time 

< Ips 

_2 

tpc 

SCL fall time 

< 0.3|IS 

< 0,3ps ^ 

tsu: DATI 

Data set-up time 

> 250ns 

> 20 tcLCL - tRD 

tsu: DAT2 

SDA set-up time (before rep. START cond.) 

> 250ns 

> Ips ^ 

tsu‘. DAT3 

SDA set-up time (before STOP cond.) 

> 250ns 

> 8 tcLCL 

tHDl DAT 

Data hold time 

> 0ns 

> 8 tcLCL - tpC 

tsu; STA 

Repeated START set-up time 

^14 tcLCL 

> 4.7ps ^ 

tsu; STO 

STOP condition set-up time 

^ 14 tcLCL 

> 4. ops ^ 

teuF 

Bus free time 

^ 14 tcLCL 

> 4.7ps 1 

tRD 

SDA rise time 

< Ips 

_2 

tpD 

SDA fall time 

< 0.3ps 

< 0.3ps 3 


NOTES: 

1. At 100 kbit/s. At other bit rates this value is inversely proportional to the bit-rate of 100 kbit/s. 

2. Determined by tiie external bus-line capacitance and the external bus-line pull-resistor, this must be < 1p.s. 

S.Spikes on the SDA and SCL lines with a duration of less than 3 tciCL will be filtered out. Maximum capacitance on bus-lines SDA and 
SCL = 400pF. 

4 tcLCL = "l/^osc = one oscillator clock period at pin XTAL1 . For 62ns, 42ns, 33.3ns < tcLCL < 285ns (I6MH2, 24MHz, 30MHz > fosc > 1-2MHz) 
the SI01 interface meets the l^C-bus specification for bit-rates up to 100 kbit/s. 
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EXPLANATION OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
first character is always ‘t’ (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are; 

A - Address 
C - Clock 
D - Input data 
H - Logic level high 

I - Instruction (program memory contents) 
L - Logic level low, or ALE 
P - PSTN 


Q - Output data 
R - RTJ signal 
t - Time 
V - Valid 
W - WR signal 

X - No longer a valid logic level 
Z - Float 

Examples: tAvii = "Hme for address valid to 
ALE low. 

tiLPL = Titne for ALE low to 
PSEN low. 












INSTRUCTION | 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 

- JlJLrLimJTJLTLTLJU^ 

[<- txLXL 


OUTPUT DATA 

' f ' 

WRITE TO SBUF 



KvaudX XvaudX XvaudX XvaudX XvaudX XvalidX 


Figure 6. Shift Register Mode Timing 
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TIMING 

REFERENCE 

POINTS 


AC INPUTS DURING TESTING ARE DRIVEN AT Vdd-0-5 FOR A LOGIC 'V AND 
0.45V FOR A LOGIC t)'. TIMING MEASUREMENTS ARE MADE AT V|h MIN FOR A 
LOGIC ‘1* AND V|L MAX FOR A LOGIC -O’. 

Figure 7. AC Testing Input/Output 


NOTE: 

FOR TIMING PURPOSES, A PORT IS NO LONGER FLOATING WHEN A 100MV 
CHANGE FROM LOAD VOLTAGE OCCURS. AND BEGINS TO FLOAT WHEN A 
100mV CHANGE FROM THE LOADED VqhA/oL LEVEL OCCURS. iQR/bL > ± 
20mA. 

Figure 8. Float Waveform 


V ^START or repeated START condition 


, repeated START condition 


SDA 

(INPUT/OUTPUT) 


SCL 

(INPUT/OUTPUT) 




tHD;STA ^LOW tRIGH »SU;DATl tHD;DAT 


Figure 9. Timing SI01 (I^C) interface 
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P1.6 


P1.7 

Vdd 

RST 

PO 

STADC 

EK 


IW 

XTAL2 


XTALl 



AVss 

Vss 

AVref- 


P1.6 


P1.7 

Vdd 

RST 


STADC 

PO 

XTAL2 

EW 


EA 

XTALl 

AVss 

Vss 

AVref- 


Figure 13. loo Test Condition, Idle Mode 
All other pins are disconnected^ 



Figure 1 4. Clock Signal Waveform for Iqo Tests in Active 
and Idle Modes tcLCH = fcHCL = 5ns 



Figure 15. loo Test Condition, Power Down Mode 
All other pins are disconnected. Voo = 2V to S.SV^ 


NOTES: 

1 Active Mode; 

a. The following pins must be forced to Vqd: HA, RST, Port 0, and EW. 

b. The following pins must be forced to Vss- STADC, AVgs. and AVref.. 

c. Ports 1 .6 and 1 .7 should be connected to Vdd through resistors of sufficiently high value such that the sink current into these pins cannot 
exceed the Ioli spec of these pins. 

d. The following pins must be disconnected; XTAL2 and all pins not specified above. 

2. idle Mode; 

a. The following pins must be forced to Vqd; Port 0 and EW. 

b. The following pins must be forced to Vss^ RST, STADC, AV^s, , AVref_, and EA. 

c. Ports 1 .6 and 1 .7 should be connected to Vqq through resistors of sufficiently high value such that the sink current into these pins cannot 
exceed the Iqli spec of these pins. These pins must not have logic 0 written to them prior to this measurement. 

d. The following pins must be disconnected; XTAL2 and all pins not specified above. 

3. Power Down Mode: 

a. The following pins must be forced to Vqd'- Port 0 and EW. 

b. The following pins must be forced to Vss' RST, STADC, XTAL1, AVss,. AVref_, and EA. 

c. Ports 1 .6 and 1 .7 should be connected to Vqd through resistors of sufficiently high value such that the sink current into these pins cannot 
exceed the Iqli spec of these pins. These pins must not have logic 0 written to them prior to this measurement. 

d. The following pins must be disconnected: XTAL2 and all pins not specified above. 


Purchase of Philips’ l^C components conveys a license under the 

Philips’ I^C patent to use the components in the I^C-system 

provided the system conforms to the i^C specifications defined by Philips. 
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Single-chip 8-bit microcontroller with 10-bit A/D, capture/compare timer, high-speed outputs, PWM 


DESCRIPTION 

The 87C552 Single-Chip 8-Bit Microcontroller 
is manufactured in an advanced CMOS 
process and is a derivative of the 80C51 
microcontroller family. The 87C552 has the 
same instruction set as the 80C51 . Three 
versions of the derivative exist: 

• 83C552 — 8k bytes mask programmable 
ROM 

• 80C552 — ROMIess version of the 83C552 

• 87C552 — 8k bytes EPROM 

The 87C552 contains a 8k x 8 a volatile 256 
X 8 read/write data memory, five 8-bit I/O 
ports, one 8-bit input port, two 16-bit 
timer/event counters (identical to the timers of 
the 80C51 ), an additional 16-bit timer coupled 
to capture and compare latches, a 1 5-source, 
two-priorlty-level, nested interrupt structure, 
an 8-input ADC, a dual DAC pulse width 
modulated interface, two serial interfaces 
(UART and I^C-bus), a “watchdog” timer and 
on-chip oscillator and timing circuits. For 
systems that require extra capability, the 
87C552 can be expanded using standard 
TTL compatible memories and logic. 

In addition, the 87C552 has two software 
selectable modes of power reduction — idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial ports, and interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be inoperative. 

The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 45 two-byte, and 17 
three-byte. With a 16MHz {24MHz) crystal, 
58% of the instructions are executed in 
0.75p.s (0.5p.s) and 40% in 1.5p.s (1)is). 
Multiply and divide instructins require 3)j.s 
(2ps). 



FEATURES 

• 80C51 central processing unit 

• 8k X 8 EPROM expandable externally to 
64k bytes 

• An additional 16-bit timer/counter coupled 
to four capture registers and three compare 
registers 

• Two standard 16-bit timer/counters 

• 256 X 8 RAM, expandable externally to 64k 
bytes 

• Capable of producing eight synchronized, 
timed outputs 

• A 10-bit ADC with eight multiplexed analog 
inputs 

• Two 8-bit resolution, pulse width 
modulation outputs 

• Five 8-bit I/O ports plus one 8-bit input port 
shared with analog inputs 

• I^C-bus serial I/O port with byte oriented 
master and slave functions 

• Full-duplex UART compatible with the 
standard 80C51 

• On-chip watchdog timer 

• Three speed ranges: 

- 16MHz 

• Extended temperature ranges 

• OTP package available 
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ORDERING INFORMATION 


PHIUPS 

PART ORDER NUMBER 

PART MARKING 

NORTH AMERICA PHILIPS 
PART ORDER NUMBER 

DRAWING 

NUMBER 

TEMPERATURE ‘'C 

AND PACKAGE 

FREQ 

MHz 

ROMIess 

ROM 

ROMIess 

ROM 

PCB80C552-5-16WP 

PCB83C552-5WP/XXX 

S80C552-1A68 

S83C552-1A68 

SOT188 

0 to +70, Plastic Leaded Chip 
Carrier 

16 








PCB80C552-5-16H 

PCB83C552-5H/XXX 

S80C552-1B 

S83C552-1B 

SOTS 18 

0 to +70, Plastic Quad Flat Pack 

16 

PCF80C552-5-16WP 

PCF83C552-5WP/XXX 

S80C552-2A68 

S83C552-2A68 

SOT188 

-40 to +85, Plastic Leaded Chip 
Carrier 

16 








PCF80C552-5-16H 

PCF83C552-5H/XXX 

S80C552-2B 

S83C552-2B 

SOTS 18 

-40 to +85, Plastic Quad Flat 
Pack 

16 

PCA80C552-5-16WP 

PCA83C552-5WP/XXX 

S80C552-6A68 

S83C552-6A68 

SOT188 

-40 to +125, Plastic Leaded Chip 
Carrier 

16 

PCA80C552-5-16H 

PCA83C552-5H/XXX 

S80C552-6B 

S83C552-6B 

SOTS 18 

^0 to +125, Plastic Quad Flat 
Pack 

16 

PCB80C552-5-24WP 

PCB83C552-5WP/XXX 

S80C552-AA68 

S83C552-AA68 

SOT188 

0 to +70, Plastic Leaded Chip 
Carrier 

24 

PCB80C552-5-24H 

PCB83C552-5H/XXX 

S80C552-AB 

S83C552-AB 

SOTS 18 

0 to +70, Plastic Quad Flat Pack 

24 

PCF80C552-5-24WP 

PCF83C552-5WP/XXX 

S80C552-BA68 

S83C552-BA68 

SOT188 

^0 to +85, Plastic Leaded Chip 
Carrier 

24 

PCF80C552-5-24H 

PCF83C552-5H/XXX 

S80C552-BB 

S83C552-BB 

SOTS 18 

-40 to +85, Plastic Quad Flat 
Pack 

24 

PCB80C552-5-30WP 

PCB83C552-5WP/XXX 

S80C552-CA68 

S83C552-CA68 

SOT188 

0 to +70, Plastic Leaded Chip 
Carrier 

30 

PCB80C552-5-30H 

PCB83C552-5H/XXX 

S80C552-CB 

S83C552-CB 

SOTS 18 

0 to +70, Plastic Quad Flat Pack 

30 


NOTE: 

1 .XXX denotes the ROM code number. 
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DRAWING 


TEMPERATURE °C 


EPROM NUMBER 

S87C552-4A68 0398E 

S87C552-4K68 1473A 

S87C552-4B SOT318 

S87C552-5A68 0398E 



AND PACKAGE 

0 to +70. Plastic Leaded Chip 
Carrier 

0 to +70, Ceramic Leaded Chip 
Carrier w/Window 

0 to +70, Plastic Quad Flat Pack 

-40 to +85, Plastic Leaded Chip 
Carrier 


-40 to +85, Ceramic Leaded 
Chip Carrier w/Window 
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PLASTIC QUAD FLAT PACK 

PIN FUNCTIONS LOGIC SYMBOL 














■ 

r° 

PQFP 


El 





El 




gi 


Pin 

Function 

Pin 

Function 

1 

P4.1/CMSR1 

41 

P2.3/A11 

2 

P4.2/CMSR2 

42 

P2.4/A12 

3 

NC 


43 

NC 

4 

P4.3/CMSR3 

44 

NC 

5 

P4.4/CMSR4 

45 

P2.5/A13 

6 

P4.5/CMSR5 

46 

P2.6/A14 

7 

P4.6/CMT0 

47 

P2.7/A15 

8 

P4.7/CMT1 

48 

PSEN 

9 

RST 


49 

ALE/PROG 

10 

P1.0/CT0I 

50 

ERA/pp 

11 

P1.1/CT1I 

51 

P0-7/AD7 

12 

P1-2/CT2I 

52 

P0.6/AD6 

13 

P1.3/CT3I 

53 

P0.5/AD5 

14 

P1.4/T2 

54 

P0.4/AD4 

15 

P1.5/RT2 

55 

P0.3/AD3 

16 

P1.6/SCL 

56 

P0.2/AD2 

17 

P1.7/SDA 

57 

P0.1/AD1 

18 

P3.0/RxD 

50 

PO.O/ADO 

19 

P3.1/TxD 

59 

AVref- 

20 

P3.2/[riJTU 

60 

AVref+ 

21 

NC 


61 

AVss 

22 

NC 


62 

NC 

23 

P3.3/TNTT 

63 

AVdd 

24 

P3.4/T0 

64 

P5.7/ADC7 

25 

P3.57ri 

65 

P5.6/ADC6 

26 

P3.6/WR 

66 

P5.5/ADC5 

27 

P3.7/RD 

67 

P5.4/ADC4 

28 

NC 


68 

P5.3/ADC3 

29 

NC 


69 

P5.2/ADC2 

30 

NC 


70 

P5.1/ADC1 

31 

XTAL2 

71 

P5.0/ADC0 

32 

XTAL1 


72 

vdd 

33 

1C 


73 

1C 

34 

Vss 


74 

STADC 

35 

vss 


75 

PWMO 

36 

vss 


76 

PWM1 

37 

NC 


77 

EW 

38 

P2.0/A08 

78 

NC 

39 

P2.1/A09 

79 

NC 

40 

P2.2/A10 

80 

P4.0/CMSR0 

NC = not connected 



1C - internally connected (do not use) j 
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87C552 


PIN DESCRIPTION 



PIN NO. 



MNEMONIC 

PLCC 

QFP 

TYPE 

NAME AND FUNCTION 

Vdd 

2 

72 

1 

Digital Power Supply: -t-SV power supply pin during normal operation, idle and 
power-down mode. 

STADC 

3 

74 

1 

Start ADC Operation: Input starting analog to digital conversion (ADC operation can also 
be started by software). 

PWMO 

4 

75 

O 

Pulse Width Modulation: Output 0. 

PWMf 

5 

76 

O 

Pulse Width Modulation: Output 1 . 

FW 

6 

77 

1 

Enable Watchdog Timer: Enable for T3 watchdog timer and disable power-down mode. 

PO.O-P0.7 

57-50 

58-51 

I/O 

Port 0: Port 0 is an 8-bit open-drain bidirectional I/O port. Port 0 pins that have Is written 
to them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. In 
this application it uses strong internal pull-ups when emitting Is. Port 0 is also used to input 
the code byte during programming and to output the code byte during verification. 

P1.0-P1.7 

16-23 

10-17 

I/O 

Port 1 : 8-bit I/O port. Alternate functions include; 


16-21 

10-15 

I/O 

(P1.0-P1.5): Quasi-bidirectional port pins. 


22-23 

16-17 

I/O 

(P1.6, PI .7): Open drain port pins. 


16-19 

10-13 

1 

CT0I-CT3I (PI .0-PI .3): Capture timer Input signals for timer T2. 


20 

14 

1 

T2 (Pi. 4): T2 event input. 


21 

15 

1 

RT2 (Pl.5): T2 timer reset signal. Rising edge triggered. 


22 

16 

I/O 

SCL (PI. 6): Serial port clock line I^C-bus. 


23 

17 

I/O 

SDA (PI .7): Serial port data line I^C-bus. 

Port 1 is also used to Input the lower order address byte during EPROM programming and 
verification. AO is on PI .0, etc. 

P2.0-P2.7 

39-46 

38-42, 

45-47 

I/O 

Port 2: 8-bit quasi-bidirectional I/O port. 

Alternate function: High-order address byte for external memory (A08-A15). Port 2 is also 
used to input the upper order address during EPROM programming and verification. A8 is 
on P2.0, A9 on P2.1, through A12 on P2.4. 

P3.0-P3.7 

24-31 

24 

25 

26 

27 

28 

29 

30 

31 

18-20, 

23-27 

18 

19 

20 

23 

24 

25 

26 

27 

I/O 

Port 3: 8-bit quasi-bidirectional I/O port. Alternate functions include; 

RxD(P3.0): Serial Input port. 

TxD (P3.1): Serial output port. 

INTO (P3.2): External interrupt. 
iNTi (P3.3): External Interrupt. 

TO (P3.4): Timer 0 external input. 

T1 (P3.5): Timer 1 external input. 

WR (P3.6); External data memory write strobe. 

RU (P3.7): External data memory read strobe. 

P4.0-P4.7 

7-14 

80, 1-2 
4-8 

I/O 

Port 4: 8-bit quasi-bidirectional I/O port. Alternate functions include: 


7-12 

80, 1-2 
4-6 

o 

CMSR0-CMSR5 (P4.0-P4.5): Timer T2 compare and set/reset outputs on a match with 
timer T2. 


13. 14 

7. 8 

o 

CMTO, CMTI (P4.6, P4.7): Timer T2 compare and toggle outputs on a match with timer T2. 

P5.0-P5.7 

68-62, 

1 

71-64, 

1 

Port 5: 8-bit input port. 

ADC0-ADC7 (P5.0-P5.7): Alternate function; Eight input channels to ADC. 

RST 

15 

9 

I/O 

Reset: Input to reset the 87C552. It also provides a reset pulse as output when timer T3 
overflows. 

XTAL1 

35 

32 

1 

Crystal Input 1 : Input to the inverting amplifier that forms the oscillator, and input to the 
internal clock generator. Receives the external clock signal when an external oscillator is 
used. 

XTAL2 

34 

31 

o 

Crystal Input 2: Output of the inverting amplifier that forms the oscillator. Left open-circuit 
when an external clock is used. 
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PIN DESCRIPTION (Continued) 



PIN NO. 



MNEMONIC 

PLCC 

QFP 

TYPE 

NAME AND FUNCTION 

Vss 

36,37 

34-36 

1 

Digital ground. 

P5ER 

47 

48 

O 

Program Store Enable: Active-low read strobe to external program memory. 

ALE/PROG 

48 

49 

O 

Address Latch Enable: Latches the low byte of the address during accesses to external 
memory. It is activated every six oscillator periods. During an external data memory 
access, one ALE pulse is skipped. ALE can drive up to eight LS TTL inputs and han^dles 
CMOS inputs without an external pull-up. This pin is also the program pulse input (PROG) 
during EPROM programming. 

EAA/pp 

49 

50 

1 

External Access: When EA is held at TTL level high, the CPU executes out of the internal 
program ROM provided the program counter is less than 8192. When EA is held at TTL low 
level, the CPU executes out of external program memory. EA is not allowed to float. This 
pin also receives the 12.75V programming supply voltage (Vpp) during EPROM 
programming. 

AVref- 

58 

59 

1 

Analog to Digital Conversion Reference Resistor: Low-end. 

AVref. 

59 

60 

1 

Analog to Digital Conversion Reference Resistor: High-end. 

AVss 

60 

61 

1 

Analog Ground 

AVdd 

61 i 

63 

' 1 

Analog Power Supply 


NOTE: 

1 .To avoid “latch-up" effect at power-on, the voltage on any pin at any time must not be higher or lower than Vdd + 0-5V or Vss - 0.5V, 
respectively. 


OSCILLATOR 

CHARACTERISTICS 

XTAL1 and XTAI_2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol, 
page 780. 

To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times spedfied in the data sheet 
must be observed. 


RESET 

A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on Vqq and RST must 
come up at the same time for a proper 
start-up. 


IDLE MODE 

In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 


remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN MODE 

In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. The 
control bits for the reduced power modes are 
in the special function register PCON. Table 1 
shows the state of the I/O ports during low 
current operating modes. 


Table 1. External Pin Status During Idle and Power-Down Modes 


MODE 

PROGRAM 

MEMORY 

ALE 

PSEN 

PORTO 

PORT1 

PORT 2 

PORT 3 

PORT 4 

PWMO/ 

PWM1 

Idle 

Internal 

1 

1 

Data 

Data 

Data 

Data 

Data 

High 

Idle 

External 

1 

1 

Float 

Data 

Address 

Data 

Data 

High 

Power-down 

Internal 

0 

0 

Data 

Data 

Data 

Data 

Data 

High 

Power-down 

External 

0 

0 

Float 

Data 

Data 

Data 

Data 

High 
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Serial Control Register (S1CON) - See Table 2 

SICON (D8H) 


CR2 

ENS1 

STA 

STO 1 SI 

AA 

CR1 

CRO 


Bits CRO, CR1 and CR2 determine the serial clock frequency that is generated In the master mode of operation. 


Table 2. Serial Clock Rates 





BIT FREQUENCY (kHz) AT fosc 


CR2 

CR1 

CRO 

6MHz 

12MHz 

16MHz 

fosc DIVIDED BY 

0 

0 

0 

23 

47 

62.5 

256 

0 

0 

1 

27 

54 

71 

224 

0 

1 

0 

31.25 

62.5 

83.3 

192 

0 

1 

1 

37 

75 

100 

160 

1 

0 

0 

6.25 

12,5 

17 

960 


0 

1 

50 

100 

133 1 

120 


1 

0 

100 

200 

267 1 

60 

■ 

1 

1 

0.25 <62.5 

0 to 225 


0.67 < 56 

0 to 223 

96 X (256 - (reload value Timer 1)) 

Timer 1 in Mode 2. 


NOTE: 

1 .These frequencies exceed the upper limit of 100kHz of the I^C-bus specification and cannot be used in an I^C-bus application. 


ABSOLUTE MAXIMUM RATINGS^' ^ 3 

PARAMETER 

Storage temperature range 

Voltage on FM/pp to Vss 

Voltage on any other pin to Vss 

Input, output DC current on any single I/O pin 

Power dissipation (based on package heat transfer limitations, not device power 
consumption) 


RATING 

-65 to 4-150 
-0.5 to -r-13 
-0.5 to + 6.5 

5.0 

1.0 


UNIT 

°C 

V 

V 

mA 

W 


NOTES: 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 

charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 

noted. 


DEVICE SPECIFICATIONS 


TYPE 

SUPPLY VOLTAGE (V) 

FREQUENCY (MHz) 

TEMPERATURE RANGE (°C) 

MIN 

MAX 

MIN 

MAX 

P87C552-4 

4.5 

5.5 

3.5 

16 

0 to -»-70 

P87C552-5 

4.5 

5.5 

3.5 

16 

-40 to -1-85 
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DC ELECTRICAL CHARACTERISTICS 

Vss.AVss = OV 




TEST 

UMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

MAX 

UNIT 

•dd 

Supply current operating: 

See notes 1 and 2 





PCA8XC552-5-16 

fosc = 16MHz 


40 

mA 

mmm 

Idle mode: 

See notes 1 and 3 





87C552 

lose = 16MHz 


7 

mA 

IpD 

Power-down current: 

See notes 1 and 4; 




87C552 

2V < VpD < Vqq max 


50 

pA 


1 Inputs 1 

VlL 

Input low voltage, except EA, PI .6. PI .7 


-0.5 

0.2Vdd-0.1 

V 

V,L1 

Input low voltage to EA 


-0.5 

0.2VDD-0.3 

V 

V,L2 

Input low voltage to PI .6/SCL, PI .7/SDA® 


-0.5 

0-3Vdd 

V 

V,H 

Input high voltage, except XTAL1 , RST 


0.2Vdd+0.9 

Vdd+0.5 

V 

V|H1 

Input high voltage, XTALI , RST 


O-TVqd 


V 

V|H2 

Input high voltage, PI .6/SCL, P1.7/SDA® 


6-7Vdd 

6.0 


IlL 

Logical 0 input current, ports 1 , 2, 3, 4, except PI .6. PI .7 

V|N = 0.45V 


-50 


•tl 

Logical 1-to-O transition current, ports 1, 2, 3, 4, except P1.6, P1.7 

See note 6 


-650 


±I|L1 

Input leakage current, port 0, EA, STADC, EW 

0.45V < V| < Vdd 


10 

pA 

±llL2 

Input leakage current, PI. 6/SCL, P1.7/SDA 

0V<V|<6V 

OV < Vdd < 5.5V 


10 

pA 

±I|L3 

Input leakage current, port 5 

0.45V < V| < Vqd 


1 

pA 

I Outputs I 

VoL 

Output low voltage, ports 1, 2, 3, 4, except PI. 6. PI. 7 

loL = 1-6mA7 


0.45 

V 

VoL 1 

Output low voltage, port 0, ALE. PSEN, PWMO, 

PWM1 

loL = 3.2mA7 


0.45 

V 

VoL2 

Output low voltage, PI. 6/SCL, P1.7/SDA 

Iql = 3.0mA^ 


0.4 

V 

VOH 

Output high voltage, ports 1 , 2, 3, 4, except PI .6/SCL, PI .7/SDA 

-Iqh = 60|iA 

2.4 


V 



-•oh = 25|iA 

0.75Vdd 


V 



-•oh = 10pA 

0.9Vdd 


V 

Vqhi 

Output high voltage (port 0 in external bus mode. ALE. 

PEER. PWMO, PWM1)8 

-Iqh = 400pA 

2.4 


V 



—•oh ~ 150jiA 

0.75Vdd 


V 



-•oh = 40pA 

0.9Vdd 


V 

VoH2 

Output high voltage (RST) 

-Iqh = 400)iA 

2.4 


V 



-Iqh = 120pA 

O.SVdd 


V 

Rrst 

Internal reset pull-down resistor 


50 

150 

leQ 

C|0 

Pin capacitance 

Test freq = 1 MHz, 

Tarrt, = 25°C 


10 

pF 

Analog Inputs | 

AVdd 

Analog supply voltage: 




■■ 


87C5529 

AVDD = VDDiO-2V 

4.5 

5.5 

mM\ 

AIdd 

Analog supply current: operating: 

Port 5 = 0 to AVdd 


1.2 

mA 

AIid 

Idle mode: 






87C552 



50 

pA 

AlpD 

Power-down mode: 

2V < AVpD < AVdd 






max 
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DC ELECTRICAL CHARACTERISTICS (Continued) 




TEST 

LIMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

MAX 

UNIT 

Analog Inputs (Continued) | 


87C552 



50 

\xA 


Analog input voltage 


AVss-0.2 

AVdd+0.2 

V 

AVref 

Reference voltage: 






AVref- 


AVss-0.2 


V 


AVref+ 



AVdd+0-2 

V 

Rref 

Resistance between AVref+ and AVref- 


10 

50 

1^ 

C,A 

Analog input capacitance 



15 

pF 

tADS 

Sampling time 



8tcY 

ps 

Udc 

Conversion time (including sampling time) 



50tcY 

ps 

DU 

Differential non-linearity^ 



±1 

LSB 

lu 

Integral non-linearity 



±2 

LSB 

OSe 

Offset error^°’ 



±2 

LSB 

Ge 

Gain error'' 



±0.4 

% 

Aq 

Absolute voltage error^®- 



±3 

LSB 

McTC 

Channel to channel matching 



±1 

LSB 

Ct 

Crosstalk between Inputs of port 5^^ 

O-IOOkHz 


-60 

dB 


NOTES FOR DC ELECTRICAL CHARACTERISTICS: 

I. See Figures 10 through 15 for Iqd test conditions. 

2. The operating supply current is measured with all output pins disconnected; XTAL1 driven with tr = tf = 10ns; Vm = Vss + 0.5V; 

V|H = Vdd - 0.5V; XTAL2 not connected; FA - RST = Port 0 = FW = Vdd; STADC = Vgs- 

3. The idle mode supply current Is measured with all output pins disconnected; XTAL1 driven with V = tf = 10ns; V|l = Vss + 0.5V; 

ViH = Vdd - 0.5V; XTAL2 not connected; Port 0 = FW = Vdd; HA = RST = STADC = Vss- 

4. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = FW = Vdd: 

FA = RST = STADC = XTAL1 = Vss- 

5. The input threshhold voltage of PI .6 and PI .7 (SI01) meets the l^c specification, so an input voltage below 1.5V will be recognized as a logic 

0 while an input voltage above 3.0V will be recognized as a logic 1. 

e.Pins of ports 1 (except PI. 6, PI. 7), 2, 3, and 4 source a transition current when they are being externally driven from 1 to 0. The transition 
current reaches its maximum value when V|n is approximately 2V. 

7. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the Vqls of ALE and ports 1 and 3. The noise is due to 
external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-O transitions during bus operations. In the 
worst cases (capacitive loading > 100pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, It may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. Iql can exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 

S.Capacitive loading on ports 0 and 2 may cause the Vqh on ALE and PSEN to momentarily fall below the 0.9 Vdd specification when the 
address bits are stabilizing. 

9. The following condition must not be exceeded; Vdd - 0-2V < AVdd < Vdd + 0.2V. 

10. Conditions: AVref- = OV; AVdd = 5.0V. Measurement by continuous conversion of AV|n = -20mV to 5. 1 2V in steps of 0.5mV, derivating 
parameters from collected conversion results of ADC. AVref+ (87C552) = 4.977V. ADC Is monotonic with no missing codes. 

II. The differential non-linearity (DLq) is the difference between the actual step width and the ideal step width. (See Figure 1.) 

12. The ADC is monotonic; there are no missing codes. 

13. The integral non-linearity (ILq) is the peak difference between the center of the steps of the actual and the ideal transfer curve after 
appropriate adjustment of gain and offset error. (See Figure 1 .) 

14. The offset error (OSq) is the absolute difference between the straight line which fits the actual transfer curve (after removing gain error), and 
a straight line which fits the ideal transfer curve. (See Figure 1 .) 

15. The gain error (Gq) is the relative difference in percent between the straight line fitting the actual transfer curve (after removing offset error), 
and the straight line which fits the ideal transfer curve. Gain error is constant at every point on the transfer curve. (See Figure 1 .) 

16. The absolute voltage error (Aq) is the maximum difference between the center of the steps of the actual transfer curve of the non-calibrated 
ADC and the ideal transfer curve. 

17. This should be considered when both analog and digital signals are simultaneously input to port 5. 
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AC ELECTRICAL CHARACTERISTICS1> 2 


SYMBOL 

FiGURE 

PARAMETER 

12MHz CLOCK 

16MHz CLOCK 

VARIABLE CLOCK 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

1/fCLCL 

2 

Osdilator frequency 





3.5 

16 

MHz 

tlHLL 

2 

ALE pulse width 

127 


85 


2tcLCL-40 


ns 

Wll 

2 

Address valid to ALE low 

28 


8 


tcLCL-55 


ns 

tLLAX 

2 

Address hold after ALE low 

48 


28 


toLCL-35 


ns 

tlLIV 

2 

ALE low to valid instruction in 


234 


150 


4tcLCL~'IOO 

ns 

k-LPL 

2 

ALE low to PSEN low 

43 


23 


toLCL-40 


ns 

tpLPH 

2 

PSEN pulse width 

205 


143 


3toLCL-^5 


ns 

tpLIV 

2 

PSEN low to valid instruction in 


145 


83 



ns 

fpxix 

2 

Input instruction hold after PSEN 

0 


0 


0 


ns 

fpxiz 

2 

Input instruction float after PSEN 


59 




I^SSI^III 

ns 

tAVIV 

2 

Address to valid instruction in 


312 




QSSISSS 

ns 

tpLAZ 

2 

PSEN low to address float 


10 


10 


10 

ns 

Data Memory | 

tAVLL 

3.4 

Address valid to ALE low 

43 


23 


toLCL“40 


ns 

tRLRH 

3 

FflJ pulse width 

400 


275 


6tcLCL”100 


ns 

twLWH 

4 

WR pulse width 

400 


275 


6tcLCL“100 


ns 

tRLDV 

3 

nU low to valid data in 


252 


148 



ns 

Irhdx 

3 

Data hold after HD 

0 


0 


0 


ns 

tRHDZ 

3 

Data float after HD 


wm 




2tcLCL-70 


Illdv 

3 

ALE low to valid data in 


IQQI 




8tcLCL“l 50 

ns 

tAVDV 

3 

Address to valid data in 




398 


9toLCL“155 

ns 

tLLWL 

3,4 

ALE low to HD or WH low 

l^lll 



238 

3toLCL-^0 

3tcLCL+50 

ns 

UVWL 

3,4 

Address valid to WH low or HD low 



120 


4tcLCL-130 


ns 

fQVWX 

4 

Data valid to WH transition 

23 


3 


tcLCL-€0 


ns 

tow 

4 

Data before WR 

433 


288 


71clcl-150 


ns 

tWHQX 

4 

Data hold after WH 

33 


13 


tCLCL-50 


ns 

tRLAZ 

3 

HD low to address float 


0 


0 


0 

ns 

fwHLH 

3.4 

HD or WR high to ALE high 

43 

123 

23 

103 

toLCL-40 

tcLCL+40 

ns 

1 External Clock | 

toHCX 

5 

High time^ 

20 


20 


20 


ns 

toicx 

5 

Low time"^ 

20 


20 


20 


ns 

tCLCH 

5 

Rise time^ 


20 


20 


20 

ns 

toHCL 

5 

Fall time^ 


20 


20 


20 

ns 

1 Serial Timing - Shift Register Mode^ (Test Conditions: Tamb = to +70°C; Vss = OV; Load Capaciatnce = 80pF) | 


6 

Serial port clock cycle time 

j^QIII 


0.75 


12tcLCL 


ps 


6 

Output data setup to clock rising edge 



492 


10toLCL“1 33 


ns 

fxHQX 

6 

Output data hold after clock rising edge 

50 


8 


2tcLCL-H7 


ns 

tXHDX 

6 

Input data hold after clock rising edge 

0 


0 


0 


ns 

txHDV 

6 

Clock rising edge to input data valid 


700 


492 


‘IOtoLCL“‘l33 

ns 


NOTES: 


1. Parameters are valid over operating te mpera ture range unless othenwise specified. 

2. Load capacitance for port 0, ALE, and PSEN = 1 0OpF. load capacitance for ail other outputs = 80pF. 
a.These values are characterized but not 100% production tested. 

4.tcLCL = 1/fosc = one oscillator clock period. 
fcLCL = 83.3ns at fosc = ^ 2MHz. 
fcLCL = 62.5ns at fosc = 16MHz. 


January 7, 1 993 


808 

















































































































Philips Semiconductors Microcontroller Products 


Product specification 


Single-chip 8-bit microcontroller 


87C552 


AC ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL 

PARAMETER 

INPUT 

OUTPUT 

1 |2C Interface (Refer to Figure 9)® | 

tHDl STA 

START condition hold time 

^ 14 tcLCL 

> 4.0|is ^ 

tiow 

SCL low time 

^ 16 tcLCL 

> 4.7p.s ^ 

tHlGH 

SCL high time 

>14 tcLCL 

> 4.0U.S ^ 

tRC 

SCL rise time 

5 1p.s 

_2 

fpc 

SCL fall time 

< 0.3ps 

< 0.3p,s ^ 

HSO 

Data set-up time 

> 250ns 

> 20 tcLCL - IrD 

HEsa 

SDA set-up time (before rep. START cond.) 

> 250ns 

> Ips ^ 

tsu‘. DAT3 

SDA set-up time (before STOP cond.) 

> 250ns 

> 8 tcLCL 

tHDi DAT 

Data hold time 

> 0ns 

> 8 tCLCL - tpc 

fsu: STA 

Repeated START set-up time 

^ 14 tcLCL 

> 4.7ps 1 

tsu.‘ STO 

STOP condition set-up time 

^ 14tcLCL 

> 4.0)j.s ^ 

feuF 

Bus free time 

^ 1 4 tcLCL 

> 4.7|is ■' 

tRD 

SDA rise time 

< 1p.s 

_2 

tpD 

SDA fall time 

< 0.3|is 

< 0.3|is ^ 


NOTES: 

1 .At 100 kbit/s. At other bit rates this value is inversely proportional to the bit-rate of 100 kbit/s. 

2.Determined by the external bus-line capacitance and the external bus-line pull-resistor, this must be < 1)is. 

S.Spikes on the SDA and SCL lines with a duration of less than 3 tcLCi will be filtered out. Maximum capacitance on bus-lines SDA and 
SCL = 400pF. 

4 tcLCL = 1/fosc = one oscillator clock period at pin XTAL1 . For 62ns (42s) < Iclcl < 285ns (16MHz (24Hz) > fosc > 3.5MHz) the SI01 interface 
meets the I^C-bus specification for bit-rates up to 100 kbit/s. 

S.These values ae guaranteed but not 100% production tested. 
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EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has five characters. The Q - Output data 
first character Is always 'f (= time). The other R - RTJ signal 


characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 

A - Address 
C - Clock 
D - Input data 
H - Logic level high 

I - Instruction (program memory contents) 
L - Logic level low, or ALE 
P - 


t - Time 
V - Valid 
W- WR signal 

X - No longer a valid logic level 
Z - Float 

Examples: tAVLL = Time for address valid to 
ALE low. 

tLLPL = Time for ALE low to 
PSEN low. 











INSTRUCTION |o|l|2|3l4|s|6|7|8| 

l^txUCL 


OUTPUT DATA 

t 

WRITE TO SBUF 



<vaudX XvaudY XvaudX XvaudX XvaudX XvaudX XvalidX 


Figure 6. Shift Register Mode Timing 
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NOTE; 

AC inputs during testing are driven at 2.4V for a iogic ‘V and 0.45V for a logic ‘O’. 
Timing measurements are made at 2.0V for a logic '1' and 0.8V for a logic ‘O'. 



NOTE: 

The float state is defined as the point at which a port 0 pin sinks 3.2mA or 
sources 400pA at the voltage test levels. 


Figure 7. AC Testing Input/Output 


Figure 8. AC Testing Input, Float Waveform 


ySTART or repeated START cond'rtion 


SOA 

(tNPUT/OUTPUT) 


SCL 

(INPUT/OUTPUT) 




tHD;STA *LOW *HIGH *SU;DATl tHD;DAT 


Figure 9. Timing SI01 (I^C) Interface 



NOTE: 

These values are valid only within the frequency specifications of the device under test. 


(1) Maximum operating mode; Vdd = BV 

(2) Maximum operating mode; Vqq = 4V 

(3) Maximum iffle mode; Vqq = 6V 

(4) Maximum idle mode; Vqq = 4V 


Figure 10. 16MHz Version Supply Current (Iqq) as a Function of Frequency at XTAL1 (fosc) 
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P1.6 


P1.7 

Vdd 

RST 

PO 

STADC 

TA 

XTAL2 

EW 

XTALl 

AVss 

Vss 

AVref- 


P1.6 


P1.7 

Vdd 

RST 


STADC 

PO 

XTAL2 

EW 


EA 

XTALl 

AVss 

Vss 

AVref- 


Figure 1 2. Iqd Test Condition, Idle Mode 
All other pins are disconnected^ 



Figure 13. Clock Signal Waveform for Iqd Tests in Active 
and Idle Modes 
tCLCH = tcHCL = 5ns 


PI .6 


PI .7 

Vdd 

RST 


STADC 



PO 

XTAL2 

EW 

XTALl 

EA 

Vss 

AVss 


AVref- 


Figure 14. Iqd Test Condition, Power Down Mode 
All other pins are disconnected. Vdu = 2V to S.SV^ 


NOTES: 

1 Active Mode: 

e. The following pins must be forced to N/dq: RST, Port 0, and EW. 

f. The following pins must be forced to Vss: STADC, AVgs, and AVref-. 

g. Ports 1 .6 and 1 .7 should be connected to Vdd through resistors of sufficiently high value such that the sink current into these pins cannot 
exceed the Iqli spec of these pins. 

h. The following pins must be disconnected: XTAL2 and all pins not specified above. 

2.ldi6 Mode: 

a. The following pins must be forced to Vqd; Port 0 and EW. 

b. The following pins must be forced to Vss^ RST, STADC, AVgs,, AVref-, and EA. 

c. Ports 1 .6 and 1 .7 should be connected to Vdd through resistors of sufficiently high value such that the sink current into these pins cannot 
exceed the Iqli spec of these pins. These pins must not have logic 0 written to them prior to this measurement. 

d. The following pins must be disconnected: XTAL2 and all pins not specified above. 

S.Power Down Mode: 

a. The following pins must be forced to Vdd: Port 0 and EW. 

b. The following pins must be forced to Vss: RST, STADC, XTAL1 , AVgs,, AVref-, aod EA. 

c. Ports 1 .6 and 1 .7 should be connected to Vdd through resistors of sufficiently high value such that the sink current into these pins cannot 
exceed the Iqli spec of these pins. These pins must not have logic 0 written to them prior to this measurement. 

d. The following pins must be disconnected: XTAL2 and all pins not specified above. 
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EPROM CHARACTERISTICS 

The 87C552 is programmed by using a 
modified Quick-Pulse Programming^” 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALE/PROG pulses. 

The 87C552 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C552 manufactured by Signetics. 

Table 3 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 32 and 16. Figure 17 shows 
the circuit configuration for normal program 
memory verification. 

Quick-Pulse Programming 

The setup for microcontroller quick-pulse 
programming is shown in Figure 32. Note that 
the 87C552 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 

The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 32. The code byte to be 
programmed into that location is applied to 
port 0. RST, PSeN, and pins of ports 2 and 3 
specified in Table 3 are held at the “Program 
Code Data” levels indicated in Table 3. The 
ALE/P HOG is pulsed low 25 times as shown 
in Figure 16. 

To program the encryption table, repeat the 
25-pulse programming sequence for 


addresses 0 through 1FH, using the “Pgm 
Encryption Table" levels. Do not forget tfiat 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 

To program the lock bits, repeat the 25-pulse 
programming sequence using the “Pgm Lock 
Bit” levels. After one lock bit is programmed, 
further programming of the code memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 

Note that the ETWpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 

Program Verification 

If lock bit 2 has not been programmed, the 
on-chip program memory can be read out for 
program verification. The address of the 
program memory locations to be red is 
applied to ports 1 and 2 as shown in 
Figure 1 7. The other pins are held at the 
“Verify Code Data” levels indicated in Table 3. 
The contents of the address location will be 
emitted on port 0. External pull-ups are 
required on port 0 for this operation. 

If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature Bytes 

The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are; 

(030H) = 15H Indicates manufactured by 
Philips Components 

(031 H) = 94H Indicates 87C552 

Program/Verify Algorithms 

Any algorithm in agreement with the 
conditions listed in Table 3, and which 
satisfies the timing specifications, is suitable. 

Erasure Characteristics 

Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to the 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, it 
is recommended that an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/cm2 Exposing the EPROM to an 
ultraviolet lamp of 12,000pW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. Erasure leaves the 
array in an all Is state. 


Table 3. EPROM Programming Modes 


MODE 

RST 

PSER 

ALE/PROG 

ETWpp 

P2.7 

P2.6 

P3.7 

P3.6 

Read signagure 

1 

0 

1 

1 

0 

0 

0 

0 

Program code data 

1 

0 

0* 

Vpp 

1 

0 

1 

1 

Verify code data 

1 

0 

1 

1 

0 

0 

1 

1 

Pgm encryption table 

1 

0 

0* 

Vpp 

1 

0 

1 

0 

Pgm lock bit 1 

1 

0 

0* 

Vpp 

1 

1 

1 

1 

Pgm lock bit 2 

1 

0 

0* 

Vpp 

1 

1 

0 

0 


NOTES: 


1 .0 = Valid low for that pin; 1 = valid high for that pin. 

2. Vpp = 12.75V ±0.25V. 

3-Vdd = 5V ±10 % during programming and verification. 

* ALE/PROG receives 25 programming pulses whill Vpp is held at 1 2.75V. Each programming pulse is low for lOOps (±10ps) and high for a 
minimum of lOps. 


^“Trademark phrase of Intel Corporation. 
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\ 

Vdd 

1 

/I 

A0-A7 ; 

PI 

PO 

C PGM DATA 

V 

1 ► 

RST 

D&Vpp 

N 

< +1 2.75V 

1 ^ 

P3.6 

ALEyPRDG 

« 25 lOOfis PULSES TO GROUND 

1 > 

P3.7 

87C552 P5ER 

4 0 

< 1 

X 

XTAL2 

P2.7 


4-6MHZ niZI 


P2.6 

4 0 


XTAL1 

P2-0-P2.4 

^ A8-A12 

\| 


Vss 



Figure 15. Programming Configuration 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 

Tamb = 21°c to -f27°C. Ypp = 5V±10%. Vss = OV (See Figure 35) 

I SYMBOL I PARAMETER | M 

Programming supply voltage 


Programming supply current 


Oscillator frequency 


Address setup to PROO low 


Address hold after PROG 


Data setup to PROG low 


Data hold after PROG 


high to Vpp 


Vpp setup to PROG low 
Vpp hold after PROO 


PROG width 


Address to data valid 
enable low to data valid 


Data float after ENABLE 


PROG high to PROG low 





Purchase of Philips’ Pc components conveys a license under the 

Philips’ Pc patent to use the components in the PC-system 

provided the system conforms to the PC specifications defined by Philips. 
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GENERAL DESCRIPTION 

The 80CE558/83CE558/89CE558 (hereafter 
generically referred to as 8XCE558) 
Single-Chip 8-Bit Microcontroller is 
manufactured in an advanced CMOS process 
and is a derivative of the 80C51 
microcontroller family. The 8XCE558 has the 
same instruction set as the 80C51 . Three 
versions of the derivative exist: 

• 83CE558 — 32k bytes mask 
programmable ROM 

• 80CE558 — ROMIess version of the 
83CE558 

• 89CE558 — 32k bytes FEEPROM 

The 8XCE558 contains a non-volatile 32k X 8 
read-only program memory (83CE558) or 
FEEPROM (89CE558), a volatile 1024 X 8 
read/write data memory, five 8-bit I/O ports, 
one 8-bit input port, two 16-bit timer/event 
counters (identical to the timers of the 
80C51 ), an additional 16-bit timer coupled to 
capture and compare latches, a 15-source, 
two-priority- level, nested interrupt structure, 
an 8-input ADC, a dual DAC pulse width 
modulated interface, two serial interfaces 


(UART and I^C-bus), a “watchdog” timer and 
on-chip oscillator and timing circuits. For 
systems that require extra capability, the 
8XCE558 can be expanded using standard 
TTL compatible memories and logic. 

In addition, the 8XCE558 has two software 
selectable modes of power reduction — idle 
mode and power-down mode. The idle mode 
freezes the CPU while allowing the RAM, 
timers, serial ports, and interrupt system to 
continue functioning. The power-down mode 
saves the RAM contents but freezes the 
oscillator, causing all other chip functions to 
be inoperative. 

The device also functions as an arithmetic 
processor having fadlities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 45 two-byte, and 17 
three-byte. With a 16 MHz system clock, 58% 
of the instructions are executed in 0.75jls 
and 40% in 1 .5|J.s. Multiply and divide 
instructions require 3|Xs. 

FEATURES 

• 80C51 central processing unit 

• 32k X 8 ROM resp. FEEPROM 
expandable externally to 64k bytes 

• ROM/FEEPROM Code protection 

• 1024 X 8 RAM, expandable externally to 
64k bytes 

• Seconds Timer 

• Two standard 16-blt timer/counters 


• An additional 1 6-bit timer/counter coupled 
to four capture registers and three 
compare registers 

• A 1 0-bit ADC with eight multiplexed 
analog inputs and programmable 
autoscan 

• Two 8-bit resolution, pulse width 
modulation outputs 

• Five 8-bit I/O ports plus one 8-bit input 
port shared with analog inputs 

• I^C-bus serial I/O port with byte oriented 
master and slave functions 

• Full-duplex UART compatible with the 
standard 80C51 

• On-chip watchdog timer 

• 15 interrupt sources with 2 priority levels 
(2 to 6 external sources possible) 

• Extended temperature range (-40 to 
+85°C) 

• 4.5 to 5.5V supply voltage range 

• Frequency range for 80C51 standard 
oscillator: 3.5 MHz to 16 MHz 

• PLL oscillator with 32 kHz reference and 
software-selectable system clock 
frequency^ 

• Software enable/disable of ALE output 
pulse 

• Electromagnetic compatibility 
improvements 

• Wake-up from Power-down by external or 
seconds interrupt 

Note ^ Not available yet in the 89CE558 


ORDERING INFORMATION 




EPROM 

TEMPERATURE RANGE ®C 

AND PACKAGE 

FREQUENCY 

MHz 

DRAWING 

NUMBER 

80CE558EBB 

83CE558EBB 

89CE558EBB 

0 to +70, 80-Pin Plastic Quad Flat Pack 

3.5 to 16 

SOT318 

80CE558EFB 

83CE558EFB 

89CE558EFB 

-40 to +85, 80-Pin Plastic Quad Flat Pack 

3.5 to 16 

SOT318 
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BLOCK DIAGRAM 


[H [U 


[I] m 


pwno PWPT AVss AVref ADCO-7 sda scl 
AVd[ ADEXJ [U 




T0,T1 

TWO 16-BIT 
TIMER/EVENT 
COUNTERS 



PROGRAM 
MEMORY 
32k X 8 ROM 
/FEEPROM, 


80C51 CORE 
EXCLUDING 
ROM/RAM 


PARALLEL I/O SERIAL 

FORTS AND UART 

EXTERNAL BUS PORT 


PO Pi P2 P3 TxD RxD 


AUXlUARY I I data 
MEMORY MEMORY 
768 X 8 RAM I | 256 x 8 RAM 


■1^ 


16-BIT 

► COMPARA- 
TORS 
WITH 

REQSTERS 


i COMPARA-l 
TOR 
OUTPUT 
SELECTIOM 


Im m 


X/s 


RSTIN <^“SRO-CMSR5^ 
CMTO, CMTI 


ALTERNATE FUNCTION OF PORT 0 [Z] ALTERNATE FUNCTION OF PORT 3 [Z1 not present in 80CE558 

rn ALTERNATE FUNCTION OF PORT 1 [±] ALTERNATE FUNCTION OF PORT 4 H only present in 89CE5S8 

fT1 ALTERNATE FUNCTION OF PORT 2 [Z] ALTERNATE FUNCTION OF PORT 5 
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FUNCTIONAL DIAGRAM 
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PINNING DIAGRAM 


Pin Function 

1 AVref- 

2 AVref+ 

3 AVssi 

4 AVddi 

5 P5.7/ADC7 

6 P5.6/ADC6 

7 P5.5/ADC5 

8 P5.4/ADC4 

9 P5.3/ADC3 

10 P5.2/ADC2 

11 P5.1/ADC1 

12 P5.0/ADC0 

13 Vssi 

14 Vddi 

15 ADEXS 

16 PWMO 

17 PWMI 

18 EW 

19 P4.0/CMSR0 

20 P4.1/CMSR1 

21 P4.2/CMSR2 

22 P4.3/CMSR3 

23 RSTOUT 

24 P4.4/CMSR4 

25 P4.5/CMSR5 

26 P4.6/CMT0 

27 P4.7/CMT1 

28 Vdd2 

29 Vss2 

30 RSTIN 

31 P1.0/CT0I/INT2 

32 P1.1/CT1I/INT3 

33 P1.2/CT2I/INT4 

34 P1.3/CT3I/INT5 

35 P1.4/T2 

36 P1.5/RT2 

37 PI. 6 

38 PI. 7 

39 SCL 

40 SDA 

41 P3.0/RXD/DATA 


Pin Function 

42 P3.1/TXD/CLOCK 

43 P3.2/IRT0 

44 P3.3/rNTT 

45 P3.4/T0 

46 P3.5^1 

47 P3.6/Wn 

48 P3.7/RU 

49 NC 

50 NC 

51 XTAL2 

52 XTAL1 

53 Vdd3 

54 Vss3 

55 P2.0/A8 

56 P2.1/A9 

57 P2.2/A10 

58 P2.3/A11 

59 P2.4/A12 

60 P2.5/A13 

61 P2,6/A14 

62 P2.7/A15 

63 PSEN 

64 ALE/WE * 

65 EA 
33 Vdd 4 
37 Vss4 

68 P0.7/AD7 

69 P0.6/AD6 

70 P0.5/AD5 

71 P0.4/AD4 

72 P0.3/AD3 

73 P0.2/AD2 

74 PO. 1/ADI 

75 PO.O/ADO 

76 AVdd2 

77 AVss2 

78 XTAL3 

79 XTAL4 

80 SELXTAL1 



Ml Mr 


* only 89CE558 with alternative function 
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PIN DESCRIPTION 


SYMBOL 

PIN 

DESCRIPTION 

AVref- 


Low end of analog to digital conversion reference resistor 

AVref+ 


High end of analog to digital conversion reference resistor. 

AVssi 


Analog ground for ADC 

AVddi 


Analog power supply (-(-5V) for ADC 

AVsS2 


Analog ground; for PLL oscillator 

AVdD2 


Analog power supply; (+ 5V) for PLL oscillator 



Ports 

P5.7- 

5- 

8-bit input port 

P5.0 

12 

Port pin Alternative function 

P5.0-P5.7 Eight input channels to ADC (ADC0-ADC7) 

VdD1-4 

Digital power supply: -i-5V power supply pins during normal operation and power reduction modes. 
All pins must be connected. 

VsSl-4 

Digital ground: circuit ground potential. All pins must be connected. 

Vddi 

14 

Digital power supply 

Vssi 

13 


VdD2 

28 

Digital power supply 

VsS2 

29 


VdD3 

53 

Digital power supply 

VsS3 

54 


VdD4 

66 

Digital power supply 

VsS4 

67 


ADEXS 

15 

Start ADC operation: Input starting analog to digital conversion triggered by a programmble edge 
(ADC operation can also be started by software). This pin must not float 


16 

Pulse width modulation output 0 

PWmI 

17 

Pulse width modulation output 1 

B/7 

18 

Enable watchdog timer: Enable for T3 watchdog timer and disable Power-down mode.This pin 
must not float. 



Port 4 

P4.0-P4.7 

19-22 

8-bit quasi-bidirectional I/O port 


24-27 

Port pin Alternative function 



P4.0 CMSRO } 

P4.1 CMSR1 } 

P4.2 CMSR2 } Timer T2: compare and set/reset 

P4.3 CMSR3 } outputs on a match with timer T2 

P4.4 CMSR4 } 

P4.5 CMSR5 } 

P4.6 CMTO } Timer T2: compare and toggle outputs 

P4.7 CMT1 } on a match with timer T2 

RSTIN 

30 

Reset: Input to reset the 8xCE558. 

RSTOUT 

23 

Reset: Outputofthe8xCE558forresetting peripheral devices during initialization and Watchdog Timer 
overflow. 

P1.0-P1.7 

31 -38 

Port 1 

8-bit quasi-bidirectional I/O port 



Port pin Alternative function 

P1.0 CT0I/INT2} 

P 1 . 1 CT1 1/INT3} : Capture timer inputs for 

P 1 .2 CT2I/INT4} timer T2 or external interrupt inputs 

P1.3 CT3I/INT5} 

PI -4 T2 ;T2 event input, rising edge triggered 

PI. 5 RT2 :T2 timer reset input, rising edge triggered 

P1.6 



P1.7 

SCL 

39 

I^C-bus serial clock I/O port 
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PIN DESCRIPTION (Continued) 


SYMBOL 

PIN 

DESCRIPTION 

SDA 

40 

PC-bus serial data I/O port 

If SCL and SDA are not connected to PC-buslines, their input levels should be defined otherwise (e.g. 
by a pull-op resistor to Vdd) in order to prevent these port input stages from floating, which could affect 
the total power consumption. Especially during Power-down Mode extra power consumption by float- 
ing inputs is an adverse effect. 

P3.0-P3.7 

41 -48 

8-bit quasi-bidirectic 
Port pin Alternative fi 
P3.0 RXD 

P3.1 TXD 

P3.2 TNTG 

P3.3 TRTT 

P3.4 TO 

P3.5 T1 

P3.6 WR 

P3.7 RD 

)nal I/O port 
j notion 

Serial input port 

Serial output port 

External interrupt 

External interrupt 

Timer 0 external input 

Timer 1 external input 

External data memory write strobe 

External data memory read strobe 

XTAL2 

51 

Crystal pin 2: output of the inverting amplifier that forms the oscillator. Left open-drcuit when an exter- 
nal oscillator clock is used. 

XTAL1 

52 

Crystal pin 1 : input to the inverting amplifier that forms the oscillator, and input to the internal clock 
generator. Receives the external oscillator clock signal when an external oscillator is used. Must be 
connected to logic HIGH if the PLL oscillator is selected (SELXTAL1 = LOW) 

P2.0-P2.7 

55-62 

Port2: 8-bit quasi-bidirectional I/O port with internal pull-ups. During access to external memories 
(RAM/ROM) that use 16~bit addresses (MOVX@DPTR) Port 2 emits the high order address byte. 
The alternative function of P2.7 for the 89CE558 is the output enable signal for verify/read modes (ac- 
tive low). 

Port 2 can sink/source one TTL (=4 LSTTL) input. It can drive CMOS Inputs without external pull-ups. 

PSER 

63 

Program Store Enable output: read strobe to the external program memory via Port 0 and 2. Is acti- 
vated twice each machine cycle during fetches from external program memory. When executing out 
of external program memory two activations ofPSEN are skipped during each access to external data 
memory. PSEN is not activated (remains HIGH) during no fetches from external program memory. 
PSeN can sink/source 8 LSTTL inputs. It can drive CMOS inputs without external pull-ups. 

ALE/WE 

64 

Address Latch Enable output; latches the low byte of the address during access of external memory 
in normal operation. It is activated every six oscillator periods except during an external data memory 
access. ALE/WE can sinkZ-source 8 LSTTL inputs. 

It can drive CMOS inputs without an external pulL-up. 

The alternative function for the 89CE558 is the programming pulse Input WE. 

To prohibit the toggling of ALE pin (RFI noise reduction) the bit RFI in the PCON Register (PCON.5) 
must be set by software. This bit is cleared on RESET and can be set and cleared by software. When 
set, ALE pin will be pulled down internally, switching an external address latch to a quiet state. The 
MOVX instruction will still toggle ALE as a normal MOVX. 

ALE will retain its normal high value during Idle mode and a low value during Power-down mode while 
in the "RFI" mode. Additionally during internal access (EA = 1 ) ALE will toggle normally when the ad- 
dress exceeds the Internal program memory size. During external access (EA = 0) ALE will always 
toggle normally, whether the flag "RFI” is set or not. 

EA 

65 

External Access Input: When, during RESET. EA is held at a TTL HIGH level the CPU executes out 
of the internal program memory, provided the program counter is less than 32768. When EA is held 
at a TTL low level during RESET, the CPU executes out of external program memory via Port 0 and 
Port 2. EA is not allowed to float. EA is latched during RESET and don’t care after RESET. 

P0.7-P0.0 

68 -75 

Port 0: 8-bit open drain bidirectional I/O port. It is also the multiplexed low-order address and data 
bus during accesses to external memory (during theses accesses internal pull-ups are activated). Port 

0 can sink/source 8 LSTTL inputs. 


78 

Crystal pin, output of the inverting amplifier that forms the 32 KHz oscillator 

XTAL4 

79 

Crystal pin, input to the inverting amplifier that forms the 32 KHz oscillator, must be connected to logic 
LOW if the PLL oscillator is not selected (SELXTAL1 = HIGH). 

SELXTAL1 

80 

Must be connected to logic HIGH level to select the HF oscillator, using the XTAL1/XTAL2 crys- 
tal. if pulled low the PLL is selected for clocking of the controller, using the XTAL3/ XTAL4 crys- 
tal. 


To avoid a ’latch-up’ effect at Power-on, the voltage on any pin at any time must not be higher or lower than Vdd+ 0.5V or Vss- 0.5V 
respectively. 
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ELECTROMAGNETIC 
COMPATIBILITY (EMC) 
IMPROVEMENTS 

Primary attention was paid on the reduction 
of electromagnetic emission of the 
microcontroller 8xCE558. 

The following features effect in reducing the 
electromagnetic emission and additionally 
improve the electromagnetic susceptibility: 

• Four supply voltage pins (Vdd) and four 
ground pins (Vss) with a pair of Vdd and 
Vss at two adjacent pins in the center at 
one side of the package and at two 
adjacent pins at the opposite side of the 
package and one more Vss P>n at each of 
the other two sides of the package 

• Separated Vqd P'ns for the internal logic 
and the port buffers 

• Internal decoupling capacitance improves 
the EMC radiation behavior and the EMC 
immunity 

• External capacitors are to be located as 
close as possible between pins Vddi and 
Vssi, Vdd 2 and Vss 2 , Vdd 3 ^nd Vss3 as 
well as Vdd 4 and Vss 4 ; ceramic chip 
capacitors are recommended (lOOnF). 

Useful in applications that require no external 
memory or temporarily no external memory : 


• The ALE output signal (pulses at a 
frequency of fcLK/6) can be disabled 
under software control (bit 5 in the SFR 
PCON: “RFI”): if disabled, no ALE pulse 
will occur. ALE pin will be pulled down 
internally, switching an external address 
latch to a quiet state. The MOVX 
instruction will still toggle ALE (external 
data memory is accessed). ALE will retain 
Its normal HIGH value during Idle mode 
and a LOW value during Power-down 
mode while in the “RFI" reduction mode. 
Additionally during internal access 
(EA = 1) ALE will toggle normally when 
the address exceeds the internal program 
memory size. During external access 
(EA = 0) ALE will always toggle normally, 
whether the flag “RFI” is set or not. 


1.0 FUNCTIONAL DESCRIPTION 
General 

The 8xCE558 is a stand-alone 
high-performance microcontroller designed 
for use in realtime applications such as 
instrumentation, industrial control, medium to 
high-end consumer applications and specific 
automotive control applications. 

In addition to the 80C51 standard functions, 
the device provides a number of dedicated 
hardware functions for these applications. 


The 8xCE558 is a control-oriented CPU with 
on-chip program and data memory. It can be 
extended witii external program memory up 
to 64 K bytes. It can also access up to 64 K 
bytes of external data memory. For systems 
requiring extra capability, the 8xOE558 can 
be expanded using standard memories and 
peripherals. 

The 8xCE558 has two software selectable 
modes of reduced activity for further power 
reduction- - Idle and Power-down. The Idle 
mode freezes the CPU while allowing the 
RAM, timers, serial ports and interrupt 
system to continue functioning. The 
Power-down mode saves the RAM contents 
but freezes the oscillator causing all other 
chip functions to be inoperative.The 
Power-down mode can be terminated by an 
external Reset and by any one of the two 
external intemupts. (see description Wake-up 
from Power-down mode). 

1.1 Memory organization 

The central processing unit (CPU) 
manipulates operands in three memory 
spaces; these are the 64 K-byte external data 
memory, 1024 byte internal data memory 
(consisting of 256 bytes standard RAM and 
768 bytes AUX-RAM) and the 64 K-byte 
internal and external program memory (see 
Figure 1). 
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1.1.1 Program Memory 

The program memory of the 8xCE558 
consists of 32 Kbyte ROM resp. FE EPROM 
("Flash Memory”) on-chip, externally 
expandable up to 64 Kbyte. If the EA pin is 
held HIGH, the 8xCE558 executes out of the 
internal program memory unless the address 
exceeds 7FFFH. Locations 8000H through 
OFFFFH are then fetched from the external 
program memory. If the EA pin was set LOW 
during RESET the 8xCE558 fetches all 
instructions from the external program 
memory. The EA input is latched during 
RESET and is don't care after RESET. 

By setting a mask programmable security bit 
(ROM) resp. by software programmable 
security byte (FEEPROM) the internal 
program memory content Is protected i.e. it 
cannot be read out at any time by any test 
mode or by any instruction In the external 
program memory space. The MOVC 
instructions are the only which have access 
to program code in the internal or external 
program memory. The EA input is latched 
during RESET and is 'don’t care’ after 
RESET. This implementation prevents from 
reading internal program code by switching 
from external program memory to internal 
program memory during MOVC instruction or 
an instruction that handles immediate data. 


Table 1 lists the access to the internal and 
external program memory with MOVC 
instructions when the security feature has 
been activated. 

1.1.2 Internal Data Memory 

The internal data memory is divided into 
three physically separated parts: 

256 byte of RAM, 768 byte of AUX-RAM, and 
a 1 28-byte special function area. These can 
be addressed each in a different way (see 
also Table 2). 

- RAM 0 to 1 27 can be addressed directly 
and indirectly as in the 80C51 . Address 
pointers are RO and R1 of the selected 
registerbank. 

- RAM 1 28 to 255 can only be addressed 
indirectly. Address pointers are RO and 
R1 of the selected registerbank. 

- AUX-RAM 0 to 767 is indirectly 
addressable as external DATA MEMORY 
locations 0 to 767 via MOVX-Datapointer 
instruction, unless It is disabled by 
setting ARD = 1 . 

- AUX-RAM 0 to 767 is indirectly 
addressable via pageregister (XRAMP) 
and MOVX-Ri instructions, unless it is 
disabled by setting ARD = 1 (see Figure 
2). When executing from intern^ 


program memory, an access to 
AUX-RAM 0 to 767 will not affect the 
ports PO, P2, P3.6 and P3.7. An access 
to external DATA MEMORY locations 
higher than 767 will be performed with 
the MOVX (§> DPTR instructions in the 
same way as in the 80C51 structure, so 
with PO and P2 as data/address bus and 
P3.6 and P3.7 as write and read timing 
signals. Note that the external DATA 
MEMORY cannot be accessed with RO 
and R1 as address pointer if the 
AUX-RAM is enabled (ARD = 0, default). 

- The Special Function Registers (SFR) 
can only be addressed directly in the 
address range from 1 28 to 255 (see 
table 4). 

- Four 8-register banks occupy locations 0 
through 31 in the lower RAM area. Only 
one of these banks may be enabled at a 
time. The next 16 bytes, locations 32 
through 47. contain 128 directly 
addressable bit location s.The stack can 
be located anywhere in the internal 256 
byte RAM.The stack depth is only limited 
by the available internal RAM space of 
256 bytes (see Figure 3), All registers 
except the program counter and the four 
8-register banks reside in the Special 
Function Register address space. 


Table 1. 



Access to Internal Program Memory 

Access to External Program Memory 

MOVC in internal program memory 

YES 

YES 

MOVC in external program memory 

NO 

YES 


If the security feature has not been activated, there are no restrictions for MOVC Instructions. 


MOVX @Ri, A 
MOVX A, @Ri 


0 

255 


0 

255 



767 

<XRAMP> = 02 H 

512 

511 


<XRAMP>=01 H 

256 

255 


<XRAMP> = 00H 

. -0 


MOVX (S>DPTR,A 
MOVX A,@DPTR 


Figure 2. Indirect addressing of AUX>RAM (768 Bytes), ARD bit in PCON = LOW 
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Table 2. 


LOCATION 

ADDRESSED 

RAM 

0to127 

Direct and Indirect 

AUX-RAM 

0 to767 

Indirect Only with MOVX 

RAM 

128to255 

Indirect Only 

SFR 

128 to 255 

Direct Only 


AUX-RAM Page Register XRAMP 

The AUX-RAM Page Register is used to select one of three 256-byte pages of the internal 768-byte AUX-RAM for MOVX-accesses via RO or 
R1 . Its reset value is (XXXXXXOO). 



7 

6 

5 

4 

3 

2 

1 

0 

XRAMP (OFAH) 

X 

X 

X 

X 

X 

X 

XRAMP1 

XRAMPO 


x; undefined during read, a write operation must write "0" to these location 


BIT 

SYMBOL 

FUNCTION 

XRAMP.7 

- 

( reserved for future use ^ ) 

XRAMP.6 

- 

( reserved for future use ^ ) 

XRAMP.5 

- 

( reserved for future use ^ ) 

XRAMP.4 

- 

( reserved for future use ^ ) 

XRAMP.3 

- 

{ reserved for future use ^ ) 

XRAMP.2 

- 

( reserved for future use ^ ) 

XRAMP. 1 

XRAMP 1 

AUX-RAM page select bit 1 AUX-RAM page select bit 0 

XRAMPO 

XRAMPO 


NOTES: 


4. User software should not write 1 s to reserved bits. These bits may be used in future 80C51 family products to invoke new features. In that 
case, the reset or inactive value of the new bit will be LOW, and its active value will be HIGH. The value read from a reserved bit is 
indeterminate. 


Table 3 shows the memory locations for all possible MOVX-accesses; 

Table 3. 


ARD1 

XRAMP1 

XRAMPO 

MOVX @Ri,A and MOVX A,@Ri instructions access: 

0 

0 

0 

AUX-RAM locations 0 .. 255 (reset cond.) 

0 

0 

1 

AUX-RAM locations 256 ..511 

0 

1 

0 

AUX-RAM locations 512 .. 767 

0 

1 

1 

*** no valid memory access *** 

1 

X 

X 

External RAM locations 0 .. 255 


ARDi 


XRAMPO 

MOVX @DPTR,A and MOVX A,(g>DPTR instructions access: 

0 

X 

X 

AUX-RAM locations 0..767 (reset cond.) 

External RAM locations 768 .. 65535 

1 

X 

X 

External RAM locations 0 .. 65535 


NOTES: 

1 . ARD (AUX-RAM Disable) is a bit in Special Function Register PCON 
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Table 4. Special Function Register Memory Map and Reset Values 

HIGH NIBBLE OF SFR ADDRESS 


LOW 


9 

A 

B 

C 

D 

E 

F 

0 


PI % 
11111111 

P2% 

11111111 

P3% 

11111111 



ACC % 
00000000 

B % 

00000000 

1 





IHHH 




2 









3 









■ 









5 









6 



ADRSL2 # 

xxxxxxxx 




ADRSL6 # 
XXXXXXXX 


7 

PCON 

00000000 




P5 # 

XXXXXXXX 

ADCON 

00000000 

ADPSS 

00000000 


8 

TCON % 
00000000 

SOCON % 
00000000 

lENO % 
00000000 


TM2IR% 

00000000 

S1CON% 

00000000 

IEN1 % 
00000000 

IP1 % 
00000000 

■ 

TMOD 

00000000 

SOBUF 

xxxxxxxx 



CMHO 

00000000 

S1STA# 

11111000 


PLLCON 

00001101 

■ 



CML1 

00000000 


CMH1 

00000000 

SI DAT 
00000000 

TM2CON 

00000000 

XRAMP 

XXXXXXOO 

■ 



CML2 

00000000 


CMH2 

00000000 

SI ADR 
00000000 

CTCON 

00000000 

FMCON * 
000X0000 

■ 



CTLO # 
XXXXXXXX 


CTHO # 
XXXXXXXX 


TML2# 

00000000 

PWMO 

00000000 

D 

TH1 

00000000 


CTL1 # 
XXXXXXXX 


CTH1 # 
XXXXXXXX 


TMH2# 

00000000 

PWM1 

00000000 

E 



CTL2 # 
XXXXXXXX 


CTH2 # 
XXXXXXXX 


STE 

11000000 

PWMP 

00000000 

F 



CTL3 # 
XXXXXXXX 


CTH3 # 
XXXXXXXX 


RTE 

00000000 

T3 

00000000 


% = Bit addressable register 

# = Read only register 
X = Undefined 

* = only in 89CE558 


1.2 Addressing 

The 8xCE558 has five modes for addressing: 

• Register 

• Direct 

• Register-Indirect 

• Immediate 

• Base-Register plus 
Index-Register-Indirect 

The first three methods can be used for 
addressing destination operands. Most 


instructions have a "destination/source” field 
that specifies the data type, addressing 
methods and operands involved. For 
operations other than MOVs, the destination 
operand is also a source operand. 

Access to memory addresses is as follows: 

• Register in one of the four 8-register 
banks through Register, Direct or 
Register-Indirect addressing 

• 1 024 bytes of internal RAM through Direct 
or Register-Indirect addressing. 

Bytes 0-127 of internal RAM may be 
addressed directly/indirectly. Bytes 


1 28-255 of internal RAM share their 
address location with the SFRs and so 
may only be addressed indirectly as data 
RAM. Bytes 0-767 of AUX-RAM can only 
be addressed indirectly via MOVX. 

• Special Function Register through direct 
addressing at address locations 128-255 
(see Figure 4). 

• External data memory through 
Register-Indirect addressing 

• Program memory look-up tables through 
Base- Register plus 
Index-Register-Indirect addressing 
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1.3 l/OfacIHties 

The 8xCE558 has six 8-bit ports. Ports 0 to 3 
are the same as in the 80C51 , with the 
exception of the additional functions of Port 1 . 
The parallel I/O function of Port 4 is equal to 
that of Ports 1, 2 and 3. Port 5 has a parallel 
input port function, but has no function as an 
output port. 

The SDA and SCL lines serve the serial port 
SI01 (I ^C). Because the I^C-bus may be 
active while the device is disconnected from 
Vdd. these pins, are provided with open drain 
drivers. 


Ports 0, 1, 2, 3, 4 and 5 perform the following 
alternative functions: 

• Port 0: provides the multiplexed 
low-order address and data bus used for 
expanding tiie 8xCE558 with standard 
memories and peripherals. 

- Port 1 ; Port 1 is used for a number of 
special functions: 

- 4 capture inputs (or external interrupt 
request inputs if capture information is 
not utilized) 

- external counter input 

- external counter reset input 


Port 2: provides the high-order address 
bus when the 8xCE558 is expanded with 
external Program Memory and/or 
external Data Memory. 

Port 3: pins can be configured 
individually to provide: 

- external interrupt request Inputs 

- counter Inputs 

- receiver input and transmitter output of 
serial port SIO 0 (UART) 

- control signals to read and write 
external Data Memory 
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- Port 4: can be configured to provide 
signals indicating a match between timer 
counter T2 and its compare registers. 

- Port 5; may be used in conjunction with 
the ADC interface. Unused analog inputs 
can be used as digi- tal inputs. As Port 5 
lines may be used as inputs to the ADC, 
these digital inputs have an inherent 
hysteresis to prevent the input logic from 
drawing too much current from the 
power lines when driven by analog 
signals. Channel to channel crosstalk 
should be taken into consideration when 
both digital and analog signals are 
simultaneously input to Port 5 (see DC 
characteristics). 

All ports are bidirectional with the exception 
of Port 5 which is an Input port. 

Pins of which the alternative function is not 
used may be used as normal bidirectional 
I/Os. 

The generation or use of a Port 1 , Port 3 or 
Port 4 pin as an alternative function is carried 
out automatically by the 8xCE558 provided 
the associated Special Function Register bit 
is set HIGH. 

The pull-up arrangements of Ports 1 - 5 are 
shown in Figure 5. 

1.4 Pulse Width Modulated 
Outputs 

The 8XCE558 contains two pulse width 
modulated output channels (see Figure 6). 
These channels generate pulses of 


programmable length and interval. The 
repetition frequency is defined by an 8-bit 
prescaler PWMP, which supplies tfie clock for 
the counter. The prescaler and counter are 
common to both PWM channels. The 8-bit 
counter counts modulo 255, i.e., from 0 to 
254 inclusive. The value of the 8-bit counter 
is compared to the contents of two registers: 
PWMO and PWM1 . Provided the contents of 
either of these registers is greater than the 
counter value, the corresponding PWMO or 
PWMT output is set LOW. If the contents of 
these registers are equal to, or less than the 
counter value, the output will be HIGH. The 
pulse-width-ratio is therefore defined by the 
contents of the registers PWMO and PWM1 . 
The pulse-width-ratio is in the range of 0/255 
to 255/255 and may be programmed in 
increments of 1/255. 

Buffered PWM outputs may be used to drive 
DC motors. The rotation speed of the motor 
would be proportional to the contents of 
PWMn. The PWM outputs may also be 
configured as a dual DAC. In this application, 
the PWM outputs must be integrated using 
conventional operational amplifier circuitry. If 
the resulting output voltages have to be 
accurate, external buffers with their own 
analog supply should be used to buffer the 
PWM outputs before they are integrated. The 
repetition frequency fpwm, at the PWMn 
outputs is give by: 

^ ^CLK 

fpwm = 

2 X (1 + PWMP) X 255 


This gives a repetition frequency range of 
123Hz to 31 .4kHz (fcLK = 16MHz). By loading 
the PWM registers with either OOH or FFH, 
the PWM channels will output a constant 
HIGH or LOW level, respectively. Since the 
8-bit counter counts modulo 255, it can never 
actually reach the value of the PWM registers 
when they are loaded with FFH. 

When a compare register (PWMO or PWM1) 
is loaded with a new value, the associated 
output is updated immediately. It does not 
have to wait until the end of the current 
counter period. Both PWMn output pins are 
driven by push-pull drivers. These pins are 
not used for any other purpose. 

Prescaler frequency control register PWMP 

PWMP (FEH) 


Bit Function 

PWMP.0-7 Prescaler division factor = 
(PWMP) + 1. 


PWMO (FCH) 
PWM1 (FDH) 


Reading PWMP gives the current reload 
value. The actual count of the prescaler 
cannot be read. 

Bit Function 

PWMO.0-7 Low/high ratio of 

PWMI.0-7 _ ( PWMn) 

255 - (PWMn) 


2 Osc, Periods 


Vdd Vd 



input Data 


Read Port Pin 



PI is turned on for 2 oscillator periods after QN makes a l-toM) transition. 

During this time, PI also turns on P3 through the inverter to form an additional puli up. 


Figure 5. I/O buffers in the 8xCE558 (Ports 1, 2, 3 and 4). 
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1.5 Analog / Digital Converter 

In order to have a minimum of ADC service 
overhead in the microcontroller program, the 
ADC is able to operate autonomously by it's 
configurable autoscan feature and a set of 8 
buffer registers (10 bit), which store the result 
of the conversion of each analog input 
channel. The functional diagram of the ADC 
is shown In Figure 7. 

Feature Overview: 

• 10-bit resolution. 

• 8 multiplexed analog inputs. 

• Programmable autoscan of the analog 
inputs. 

• Bit oriented 8-bit scan-select register to 
select analog inputs. 

• Continuous scan or one time scan 
configurable from 1 to 8 analog inputs. 

• Start of a conversion by software or with 
an external signal. 

• Programmable prescaler (div by 2, 4, 6, 8) 
to adapt to different oscillator frequencies. 

• Eight 1 0-bit buffer registers, one register 
for each analog input channel. 

• Conversion time for one A/D conversion: 
15}ls ... 50|ls 

• Differential non-linearity : DLe 1 LSB. 

• Integral non-linearity : ILe 2 LSB. 

• Offset error : OSe 2 LSB. 

Ge 0.4%. 


• Gain error 


• Absolute voltage error ; Ae 3 LSB. 

• Channel to channel matching 

: Mctc 1 LSB. 

• Crosstalk between analog inputs 

Ct < -60dB. 
@10 0 kHz. 

• Monotonic and no missing codes. 

• Separated analog (AVDD, AVSS) and 
digital (VDD, VSS) supply voltages. 

• Reference voltage at two special pins : 
AVREF-andAVREF+. 

1.5.1 Functional description: 

Table 5. 


ADCON 

A/D control register 

read/ 

write 

ADPSS 

Analog port 
scan-select register 

read/ 

write 

ADRSLn 

8 A/D result 
registers, contain 
the 8 lower bits 

read only 

ADRSH 

A/D result register, 
contains the 2 
higher bits 

read only 

P5 

Digital input port 
(shared with ana- 
log inputs) 

read only 


After a RESET of the microcontroller the 
ADCON and ADPSS register bits are 
initialized to zero, registers ADRSLn and 
ADRSH are undefined. 


ADRSLn and ADRSH are specified as read 
only registers to prevent conflict situations 
between software write operation and writing 
the A/D conversion result in ADRSn by the 
hardware. 

1.5.2 Idle and Power-down Mode for the 
A/D converter 

If the Idle or Power-down Mode is activated, 
frien an A/D conversion in progress is 
aborted, the ADSST flag is cleared and the 
Internal clock is halted. The Interrupt flag 
ADINT will not be set. The ADRSn registers 
10 bit buffer (see table NO TAG) are not 
affected. 

Table 6 shows resultant conversion times 
(tconv) at external clock frequencies (fcix) 
and ADC prescaler divisors (m), which are 
programmable by the bits ADCON. 7 and 
ADCON. 6. For conversion times outside the 
spedfied range the specified characteristics 
are not guaranteed; those conversion times 
are put in brackets. 

Table 6. Configuration time 
configurabie examples (tconv/ms) 


fcLK 

m 

6MHz 

8MHz 

12MHz 

16MHz 

2 

26 

19.5 

[13] 

[9.75] 

4 

50 

37.5 

25 

18.75 

6 

1741 

[55.5] 

37 

27.75 

8 

198] 

[73.5] 

49 

36.75 


conversion time = 6 x m 1 machine cycles 














Philips Semiconductors Products 


Product specification 







Philips Semiconductors Products 


Product specification 


Single-chip 8-bit microcontroller 


80CE558/83CE558/89CE558 


1.5.3 A/D Control Roister ADCON 



7 

6 

5 

4 

3 

2 

1 

0 

ADCON (D7H) 

ADPR1 

ADPRO 

ADPOS 

ADINT 

ADSST 

ADCSA 

ADSRE 

ADSFE 


Bit 

Symbol 

Function 

ADCON.7 

ADPR1 

Control bit for the prescaler. 

ADCON.6 

ADPRO 

Control bit for the prescaler. 

ADPR1=0 APPR0=0 Prescaler divides by 2. 

ADPR1=0 ADPR0=1 Prescaler divides by 4. 

ADPR1=1 ADPR0=0 Prescaler divides by 6. 

ADPR1=1 ADPR0=1 Prescaler divides by 8. 

ADCON.5 

ADPOS 

ADPOS is reserved for future use. Must be ”0" if ADCON is written. 

ADCON.4 

ADINT 

ADC interrupt flag. This flag is set when all selected analog inputs are con- 
verted, as well in continuous scan as in one time scan mode. An interrupt is in- 
voked if this interrupt is enabled. ADINT must be cleared by software. It cannot 
be set by software. 

ADCON.3 

ADSST 

ADC start and status. Setting this bit by software or by hardware (via ADEXS 
input) starts the A/D conversion of the selected analog inputs. ADSST stays a 
'one' in continuous scan mode. 1 n one time scan mode, ADSST is cleared when 
the last selected analog input channel has been converted. As long as ADSST 
isaone, new start commands to the ADC- block are ignored. An A/D conversion 
in progress is aborted if ADSST is cleared by software. 

ADCON.2 

ADCSA 

1 = Continuous scan of the selected analog input after a 

start of A/D conversion. 

0 = One time scan of the selected analog inputs after a 

start of A/D conversion. 

ADCON. 1 

ADSRE 

1 = A rising edge at inputs ADEXS will start the A/D con- 

version and generate a capture signal. 

0 = A rising edge at input ADEXS has no effect. 

ADCON.O 

ADSFE 

1 = A falling edge at input ADEXS will start the A/D conversion 

and generate a capture signal. 

0 = A falling edge at input ADEXS has no effect. 


1.5.4 A/D Input Port Scan-Select Register ADPSS 



7 

6 

5 

4 

3 

2 

1 

0 

ADPSS (E7H) 

ADPSS7 

ADPSS6 

ADPSS5 

ADPSS4 

ADSS3 

ADPSS2 

ADPSS1 

ADPSSO 


ADPSS7-0 For each individual bit position; 

0 = The corresponding 

analog input is skipped in 
the auto-scan loop. 

1 = The corresponding 

analog input is included 
in the auto-scan loop. 

If all bits are 'zero’ then no A/D conversion 
can be started. If ADPSS is written while an 
A/D conversion is in progress (ADSST in the 
ADCON register is ‘one’) then the auto-scan 
loop with the previous selected analog inputs 
is completed first. The next auto-scan loop is 
performed with the new selected analog 
inputs. 

1.5.5 A/D Result Registers ADRSLn and 
ADRSH: 

There are 8 ADRSLn registers and one 
ADRSH register. Reading an ADRSLn 
register by software copies at the same time 
the two highest bits of the corresponding 
10-bitconversion value in two latches.These 


two latches form bit position 0 and bit position 
1 of register ADRSH. The upper 6 bits of 
ADRSH are ail O’s If read. ADRSLn and 
ADRSH are read only registers. 

1.6 Timer / Counters 

The 8xCE558 contains three 16-bit 
timer/event counters; Timer 0, Timer 1 and 
Timer T2 and one 8-bit timer, T3. Timer 0 and 
Timer 1 may be programmed to carry out the 
following functions; 

- Measure time Intervals and pulse 
durations 

- Count events 

- Generate interrupt requests 

1 .6.1 Timer 0 and Timer 1 

Timers 0 and 1 each have a control bit In 
SFR TMOD that selects the timer or counter 
function of the corresponding timer. 

In the timer function, the register Is 
Incremented every machine cycle. Thus, one 


can think of it as counting machine cycles. 
Since a machine cycle consists of 12 
oscillator periods, the count rate Is 1/12 of the 
oscillator frequency. 

In the counter function, the register is 
incremented in response to a 1-to-O transition 
at the corresponding external input pin, TO or 
T1 . In this function, the external input is 
sampled during S5P2 of every machine 
cycle. When the samples show a HIGH in 
one cycle and a LOW in the next cycle, the 
counter is incremented. Thus, it takes two 
machine cycles (24 oscillator periods) to 
recognize a 1-to-O transition. There are no 
restrictions on the duty cycle of the external 
input signal, but to insure that a given level is 
sampled at least once before it changes, it 
should be held for at least one full machine 
cycle. 

Timer 0 and Tmer 1 can be programmed 
independently to operate in one of four 
modes; 
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• Mode 0 : 8-bit timer or 8-bit counter each 
with divide by-32 prescaler 

• Mode 1 : 16-bit time-interval or event 
counter 

• Mode 2: 8-bit time-interval or event 
counter with automatic reload upon 
overflow 

• Mode 3: -Timer 0: one 8-bit time-interval 
or event counter and one 8-bit 
time-interval counter 

-Timer 1 : stopped 

When Timer 0 is in Mode 3, Timer 1 can be 
programmed to operate in Modes 0, 1 or 2 
but cannot set an interrupt request flag or 


generate an interrupt. However the overflow 
from Timer 1 can be used to pulse ttie serial 
port baud-rate generator 

With a 16 MHz crystal, the counting 
frequency of these timer/counters Is as 
follows: 

• In the timer function, the timer is 
incremented at a frequency of 1 ,33 MHz - 
a division by 12 of the oscillator frequency 

• 0 Hz to an upper limit of 0.66 MHz (1/24 
of the oscillator requency) when 
programmed for external inputs 

Both internal and external inputs can be 


gated to the counter by a second external 
source for directly measuring pulse durations. 

When configured as a counter, the register is 
incremented on every falling edge on the 
corresponding input pin, TO or T1 . The 
incremented register value can be read 
earliest during the second machine cycle 
after that one, during which the incrementing 
pulse occured. 

The counters are started and stopped under 
software control. Each one sets its Interrupt 
request flag when it overflows from all HIGHs 
to all LOWS (or automatic reload value), with 
the exception of mode 3 as previously 
described. 


(MSB) (LSB) 


Gate 

C/T 

Ml 

MO 

Gate 

C/T 1 

Ml 1 

MO 1 



- 

■ .. 






Timer 1 Timer 0 


Gate 


C/T 


Gating control w hen se t Timer/Counter “x" is en- Ml 

abled only while "IHTx” pin is Wgh and "TRx” con- 
Irol pin is set When cleared Timer “x" is enabled “ 

whenever “TRx” control bit is set _ 


Timer or Counter Selector cleared for Timer opera- 
tion (input from internal system dock). Set for 
Counter operation (input from “Tx” input pin). 


MO Operating 

0 8048 Timer “TLx” serves as 5-bit prescaler. 

1 16-bit Timer/Coijrrter“THx” and "TLx” are 
cascaded; ^re is no prescaler. 

0 8-bit auto-reload Timer/Counter "THx” holds 

a value which is to be reloaded into “TLx” 
each time it overflows. 


1 1 (Timer 0) TLD is an 8-bit Timer/Counter con- 

trolled by the standard Timer 0 control bits. 
THO is an 8-bit timer only controlled by Tim- 
er 1 control bits. 

1 1 (Timer 1) Timer/Counter 1 stopped. 


Figure 8. Timer/Counter Mode Control (TMOD) Register 


(MSB) 


TCON 

(88H) 


TF1 


TR1 


TFO 


TRO 


IE1 


IT1 


(LSB) 

^Eo I iro 


§Ym»?9i Eagjflan Nem? pn^ SianifiCTnss 


TF1 

TCON.7 

Timer 1 overflow flag. Set by hardware on 
Timer/Counter overflow. Cleared by hardware 
when processor vectors to interrupt routine. 

TR1 

TCON.6 

Timer 1 Run control bit Set/cleared by soft- 
ware to turn Timer/Counter on/off. 

TFO 

TCON.5 

Timer 0 overflow flag. Set by hardware on 
Timer/Counter overflow. Cleared by hardware 
when processor vectors to interrupt routine. 

TRO 

TCON.4 

Timer 0 Run control bit Set/cleared by soft- 
ware to turn Timer/Counter on/off. 


Svm^l easilisD tiame mi giqnitig£Dfi£ 


lEl 

TCON.3 

Interrupt 1 Edge flag. Set by hardware when 
external interrupt edge detected. Cleared 
when interrupt processed. 

IT1 

TCON.2 

interrupt 1 Type control bit Set/deared by 
software to specify falling edge/low level trig- 
gered external intermpts. 

lEO 

TCON.1 

Interrupt 0 Edge flag. Set by hardware when 
external interrupt edge detected. Cleared 
when interrupt processed. 

ITO 

TCON.O 

Interrupt 0 Type control bit Set/deared by 
software to specify failing edge/low level trig- 
gered external intermpts. 


Figure 9. Timer/Counter Control (TCON) Register 
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1.6.2 Timer T2 

Timer T2 is a 1 6 bit timer/counter which has 
capture and compare facilities. 

The operational diagram is shown in Figure 8. 

The 16 bit timer/counter is clocked via a 
prescaler with a programmable division factor 
of 1 , 2, 4 or 8. The input of the prescaler is 
clocked with 1/1 2 of the clock frequency, or 
by an external source connected to the T2 
input, or it is switched off. The maximum 
repetition rate of the external clock source is 
fcLK/l 2, twice that of Timer 0 and Timer 1 . 

The prescaler is incremented on a rising 


edge. It Is cleared if Its division factor or its 
input source is changed, or if the 
timer/counter Is reset (see also Figure 1 1 : 
TM2CON). T2 is readable ’on the fly’, without 
any extra read latches; this means that 
software precautions have to be taken 
against misinterpretation at overflow from 
least to most significant byte while T2 Is 
being read. T2 is not loadable and is reset by 
the RST signal or at the positive edge of the 
input signal RT2, if enabled. In the Idle mode 
the timer/counter and prescaler are reset and 
halted. 

T2 is connected to four 16-blt Capture 


Registers: CTO, CT1 , CT2 and CT3. A rising 
or falling edge on the inputs CTOI, CT1I, CT2I 
or CT3I (alternative function of Port 1) results 
in loading the contents of T2 into the 
respective Capture Registers and an Interrupt 
request. 

Using the Capture Register CTCON (see 
figure 5), these inputs may invoke capture 
and interrupt request on a positive, a negative 
edge or on both edges. If neither a positive 
nor a negative edge is selected for capture 
input, no capture or interrupt request can be 
generated by this input. 



External reset 
enable 


T2 SFR address: TMI.2 = lower 8 bits 
TMH2 s higher 8 bits 


TG = toggle status 


Figure 10. Block Diagram of Timer 2 
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T2IS1 T2IS0 T2ER I T2BO I T2Pl i T2P0 | T2iyiSl I T2MSO 


Bit 

Symbol 

TM2CON.7 

T2IS1 

TM2CON.6 

T2IS0 

TM2CON.5 

T2ER 

TM2CON>t 

T2BO 

TM2CON.3 

T2P1 ' 

TM2CON.2 

T2P0 


Tinner T2 16-bit overflow interrupt select 
Timer T2 byte overflow interrupt seiect 
Timer T2 external reset enable. When this bit is 
set, Timer T2 may be reset by a rising edge on 
RT2(P1.5}. 

Timer T2 byte overflow interrupt flag 
Timer T2 prescaler seiect 


T2P1 T2P0 

Timer T2 Clock 

0 0 

Clock source 

0 1 

Clock source/2 

1 0 

Clock source/4 

1 1 

Clock source/8 


Timer T2 mode select 


T2M31 T2MS0 

Mode Selected 

0 0 

Timer T2 halted (off) 

0 1 

T2 clock source = fcijc/12 

1 0 

Test mode; do not use 

1 1 

T2 clock source = pin T2 


Figure 11. T2 Control Register (TM2CON) 


CTCON I CTN3 j CTP3| CTN2[ CTP 2 j CTNlj CTPl | CTNo| CTPO j 


Captuie/lnterrupt on: 


e Register 3 triggered by 
e Register 3 triggered by 
e Register 2 triggered by 
e Register 2 triggered by 
e Register 1 triggered by 
e Register 1 triggered by 
e Register 0 triggered by : 
e Register 0 triggered by i 


a falling edge on CT31 
a rising edge on CT3I 
a falling edge on CT2I 
a rising edge on CT2I 
a falling edge on CTII 
a rising edge on CTII 
a falling edge on CTOI 
a rising edge on CTtN 


Figure 12. Capture Control Register (CTCON) 
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The contents of the Compare Registers CMO, match of CMO sets the bits 0-5 of Port 4, a RTE registers. A match of CMO and CM1 at 

CM1 and CM2 are continuously compared CM1 match resets these bits and a CM2 the same time results in resetting bits 0-5 of 

with the counter value of Timer T2. When a match toggles bits 6 and 7 of Port 4, provided Port 4. CMO, CM1 and CM2 are reset by the 

match occurs, an interrupt may be invoked. A these functions are enabled by the STE resp. RSTIN signal. 


TM2iR (C8H) I T20V I CMI2 I CMl I CMIO CTI3 I CTI2 I CTII CTK) 


Timer T2 16-bit overflow interrupt flag 

CM2 interrupt flag 

CMl interrupt flag 

CMO Interrupt flag 

CT3 interrupt flag 

CT2 interrupt flag 

CTI interrupt flag 

CTO interrupt flag 


Interrupt Flag Register (TM2IR) 


PT2 PCM2| PCM1 PCMO PCT3| PCT2 PCTi I PCTO I 


PT2 Timer T2 overflow interruptfs) priority level 

PCM2 Timer T2 comparator 2 interrupt priority level 

PCMI Timer T2 comparator 1 interrupt priority level 

PCMO Timer T2 comparator 0 interrupt priority level 

PCT3 Timer T2 capture register 3 interrupt priority level 

PCT2 Timer T2 capture register 2 interrupt priority level 

PCTI Timer T2 capture register 1 interrupt priority level 

PCTO Timer 1^ capture register 0 interrupt priority level 

Timer 2 Interrupt Priority Register (IP1) 


Figure 13. interrupt Flag Register (TM2iR) and Timer T2 Interrupt Priority Register (IPI) 


For more information concerning the TM2CON, CTCON, TM2IR and the STE/RTE registers see IC20 handbook 1992. 


STE (EEH) TG47 I TG46 1 SP4S I SP44 SP43 I SP42 1 SP41 SP40 I 


If ”1” then P4.7 is reset on the next toggle, if LOW P4.7 is set on the next toggle 
If ”1” then P4.6 is reset on the next toggle, if LOW P4.6 is set on the next toggle 
If “1” then P4.5 is set on a match between CMO and Timer T2 
If “1" then P4.4 is set on a match between CMO and Timer T2 
If “1” then P4.3 is set on a match between CMO and Timer T2 
If “1” then P4.2 is set on a match between CMO and Timer T2 
If “1” then P4.1 is set on a match between CMO aruf Timer T2 
If "1" then P4.0 is set on a match between CMO and Timer T2 


Figure 14. Set Enable Register (STE) 
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Port 4 can be read and written by software 
without affecting the toggle, set and reset 
signals. At a byte overflow of the least 
significant byte, or at a 1 6-bit overflow of the 
timer/counter, an interrupt sharing the same 
interrupt vector is requested. Either one or 
both of these overflows can be programmed 
to request an interrupt. 

All interrupt flags must be reset by software. 

1.7 Watchdog Timer (T3) (see 
Figure 16) 

In addition to Timer T2 and the standard 
timers, a watchdog timer consisting of an 
11 -bit prescaler and an 8-bit timer is also 
incorporated. 

The timer is incremented every 1 .5 ms. 


derived from the oscillator frequency of 1 6 
MHz by the following: 

^timer = ^CLK 

12x2048 

When a timer overflow occurs, the 
microcontroller - but not the PLL - is reset 
and a reset output pulse is generated at pin 
RSTOUT. 

To prevent a system reset the timer must be 
reloaded in time by the application software. 

If the processor suffers a hardware/software 
malfunction, the software will fail to reload the 
timer. This failure will produce a reset upon 
overflow thus preventing the processor 
running out of control. The watchdog timer 
can only be reloaded if the condition flag 


WLE = PCON.4 has been previously set by 
software. 

At the moment the counter is loaded the 
condition flag isautomatically cleared. 

The time Interval between the timer’s 
reloading and tiie occurrence of a reset 
depends on the reloaded value. For example, 
this may range from 1 ,5 ms to 0,375 s when 
using an oscillator frequency of 16 MHz. 

In the Idle state the watchdog timer and reset 
circuitry remain active. 

The watchdog timer is controlled by the 
watchdog enable pin (EW). A LOW level 
enables the watchdog timer and disables the 
Power-down mode. A HIGH level disables 
the watchdog timer and enables the 
Power-down mode. 


RTE 

(EFH) 


7 

6 

5 

4 

3 

2 

1 

0 

TP47 

TP46 

RP45 

RP44 

RP43 

RP42 

R041 

RP40 


(MSB) 


(LSB) 


Bit Symbol Function 


RTE.7 TP47 It “1 ’ <hen P4.7 toggles on a match between CM2 and Timer T2 
RTE.6 TP46 If “1 ” then P4.6 toggles on a match between CM2 and Timer T2 

RTE.5 R P45 If “t ” then P4.5 is reset on a match between CMI and Timer T2 

RTE.4 RP44 if “t” then P4.4 is reset on a match between CM1 and Timer T2 
RTE.3 RP43 If "t " then P4.3 is reset on a match between CM1 and Timer T2 

RTE. 2 RP42 If “1 ” then P4.2 is reset on a match between CMI and Timer T2 

RTE.1 RP41 If “t ” then P4.1 is reset on a match between CMI and Timer T2 

RTE.O R P40 If “t " then P4.0 is reset on a match between CMl and Timer T2 


Figure 15. Reset/Toggle Enable Register (RTE) 



Figure 16. Watchdog Timer 
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1.8 SeriaM/0 

The 8xCE558 is equipped with two 
independent serial ports: SlOO and SI01. 

SlOO is the full duplex UART port, identical to 
the PCB80C51 serial port. SI01 is an I^C-bus 
serial I/O interface with byte oriented master 
and slave functions. 

1.8.1 SlOO (UART) 

SIO 0 is a full duplex serial I/O port - it can 
transmit and receive simultaneously. This 
serial port is also receive-buffered. It can 
commence reception of a second byte before 
the previously received byte has been read 
from the receive register. If, however, the first 
byte has still not been read by the time 
reception of the second byte is complete, one 
of the bytes will be lost. The SlOO receive 
and transmit registers are both accessed via 
the SOBUF special function register. Writing 
to SOBUF loadsthe transmit register, and 
reading SOBUF accesses to a physically 
separate receive register. SlOO can operate 
in 4 modes; 

Mode 0: Serial data is transmitted and 
received through RXD. TXD 
outputs the shift clock. 8 data bits 


are transmitted/received (LSB 
first). The baud rate is fixed at 
1/1 2 of the oscillator frequency. 

Mode 0: 10 bits are transmitted via TXD or 
received through RXD: a start bit 
(0), 8 data bits (LSB first), and a 
stop blt(1). On receive, the stop bit 
is put into RB8 (SOCON special 
function register). The baud rate is 
variable. 

Mode 0: 11 bits are transmitted through TXD 
or received through RXD: a start 
bit (0), 8 data bits (LSB first), a 
programmable 9th data bit, and a 
stop bit (1). On transmit, the 9th 
data bit (TB8 in SOCON) can be 
assigned the value of 0 or 1 . With 
nominal software, TB8 can be the 
parity bit (P in PSW). During a 
receive, the 9th data bit is stored 
in RB8 (SOCON), and the stop bit 
is ignored. The baud rate is 
programmable to either 1/32 or 
1/64 of the oscillator frequency. 

Mode 0: 11 bits are transmitted through TXD 
or received through RXD: a start 
bit (0), 8 data bits (LSB first), a 
programmable 9th data bit, and a 


stop bit (1 ). Mode 3 is the same 
as Mode 2 except the baud rate 
which is variable in Mode 3. 

In all four modes, transmission is initiated by 
any instruction that writes to the SOBUF 
function register. Reception is initiated in 
Mode 0 when Rl = 0 and REN = 1 . In the 
other three modes, reception is Initiated by 
the incoming start bit provided that REN = 1 . 

Modes 2 and 3 are provided for 
multiprocessor communications. In these 
modes, 9 data bits are received with the 9th 
bit written to RB8. The 9th bit is followed by 
the stop bit. The port can be programmed so 
that witfi receiving the stop bit, the serial port 
interrupt will be activated if, and only if RB8 = 
1 . 

This feature is enabled by setting bit SM2 in 
SOCON. This feature may be used in 
multiprocessor systems. 

For more information about how to use the 
UART in combination with the registers 
SOCON, PCON, lENO, SOBUF and Timer 
register refer to the 80C51 Data Handbook 
IC20 1992. 


(MSB) (LSB) 


SOCON 

SMO 

SMI 

SM2 

REN 

TBS 

RB8 

Tl 

Rl 1 

(98H) 










Where SMO, SMI specify the serial port mode, 
as follows: 


SMO 

SM1 

Mode 

Rate 

Description 

Baud 

0 

0 

0 

shift register 

fcLK/12 

0 

1 

1 

8-bit UART 

variable 

1 

0 

2 

9-bit UART 

fcLK/64 

or 

fcLK/32 

1 

1 

3 

9-bit UART 

variable 


• SM2 enables the multiprocessor communication 
feature in modes 2 and 3. In mode 2 or 3, if 
SM2 is set to 1 „ then Rl will not be acti- 
vated if the received 9th data bit (RB8) Is 0. 
In mode 1 , if SM2 = 1 , then Rl will not be 
activated if a valid stop bit was not received. 
In mode 0, SM2 should be 0. 


• TBS Is the 9th data bit that will be transmitted in 

modes 2 and 3. Set or clear by software as 
desired. 

• RB8 in modes 2 and 3, is the 9th data bit that 

was received. In mode 1, If SM2 = 0, RB8 is 
the stopbit that was received in mode 0, 

RB8 is not used. 

• Tl is the transmit interrupt flag. Set by hard- 

ware at the end of the 8th bit time in mode 
0, or at the beginning of the stop bit in the 
other modes, in any serial transmission. 
Must be cleared by software. 

• Rl is the receive interrupt flag. Set by hardware 

at the end of the 8th bit time in mode 0, or 
halfway through the stop bit time in the 
other modes, in any serial reception (except 
see SM2). Must be cleared by software. 


• REN enables serial reception. Set by software to 
enable reception. Clear by software to dis- 
able reception. 


Figure 17. Serial Port Control (SOCON) Register 
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1.8.2 SI01 (PC-bus Interface) 

The I^C-^bus is a simple bidirectional 2-wire 
bus for efficient inter-IC data exchange. 
Out-standing features of the I^C-bus are; 

• Only two bus lines are required: a serial 
clock line (SCL) and a serial data line 
(SDA) 

• Each device connected to the bus is 
software addressable by a unique 
address 

• Masters can operate as 
Master-transmitter or as Master-receiver 

• It’s a true multi-master bus including 
collision detection and arbitration to 
prevent data corruption if two or more 
masters simultaneously initiate data 
transfer 

• Serial clock synchronization allows 
devices with different bit rates to 
communicate via the same serial bus 

• ICs can be added to or removed from an 
I^C-bus system without affecting any 
other circuit on the bus 

• Fault diagnostics and debugging are 
simple; malfunctions can be immediately 
traced 

For more information on the I^C-bus 
specification please refer to the Philips 
publication number 9398 393 40011 and/or 
the 80C51 Data Handbook IC20 1992. 

The on-chip I^C logic provides a serial 
interface that meets the I^C-bus specification, 
supporting all I^C-bus modes of operation, 
they are: 

• Master transmitter 


• Master receiver 

• Slave transmitter 

• Slave receiver 

The SI01 logic performs a byte oriented data 
transport, clock generation, address 
recognition and bus control arbitration are all 
controlled by hardware. Via two pins the 
external I^C-bus is interfaced to the SI01 
logic; 

SCL serial clock I/O and SDA (serial data 
I/O), (see Special Function Register bit 
SI CON.6/ENS1 for enabling the S101 logic). 

The SI01 logic handles byte transfer 
autonomously. It keeps track of ttie serial 
transfers, and a status register (S1STA) 
reflects the status of SI01 and the l^C-bus. 

Via the following four Special Function 
Registers the CPU interfaces to the I^C logic. 


SI CON 

control register. Bit addressable 
by the CPU 

SISTA 

status register whose contents 
may be used as a vector to 
service routines. 

SI DAT 

data shift register. The data 
byte is stable as long as 
S1CON.3/SI=1. 

S1ADR 

slave address register. It’s LSB 
enables/ disables general call 
address recognition. 


The Control Register, SI CON : 

The CPU can read from and write to this 
8-bit, directly addressable SFR. Two bits are 
affected by the SI01 hardware: the SI bit is 


set when a serial interrupt is requested, and 
the STO bit Is cleared when a STOP 
condition is present on the I^C bus. The STO 
bit is also cleared when ENS1 = “0”. 

SI CON (D8H) 


7 6 5 4 3 2 1 0 


CR2 

ENS1 

STA 

STO 

SI 

AA 

CRI 

CRO 


ENS1 , the SI01 Enable Bit 

ENS1 = “0”: When ENS1 Is “0”, the SDA and 
SCL outputs are in a high impedance state. 
SDA and SCL input signals are ignored, SI01 
is in the "not addressed" slave state, and the 
STO bit in SI CON Is forced to "0". No other 
bits are affected. 

ENS1 = “1”: When ENS1 Is “1”, SI01 is 
enabled. 

In the following text, it is assumed that 
ENS1 =“1". 

ENS1 should not be used to temporarily 
release SI01 from the I^C-bus since, when 
ENS1 is reset, the I2C bus status Is lost. The 
AA flag should be used instead (see 
description of the AA flag in the following 
text). 

STA, the START Flag 

STA = “1 ": When the STA bit is set to enter a 
master mode, the SI01 hardware checks the 
status of the I2C bus and generates a START 
condition If the bus is free. If the bus is not 
free, then SI01 waits for a STOP condition 
(which will free the bus) and generates a 
START condition after a delay of a half clock 
period of the internal serial clock generator. 



SISTA 


Figure 18. Block diagram of PC serial I/O interface 
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If STA is set while SI01 is already in a master 
mode and one or more bytes are transmitted 
or received, SI01 transmits a repeated 
START condition. STA may be set at any 
time. STA may also be set when SI01 is an 
addressed slave. 

STA = “0": When the STA bit is reset, no 
START condition or repeated START 
condition will be generated. 

STO, the STOP Flag 

STO = "1”; When the STO bit is set while 
SI01 is in a master mode, a STOP condition 
is transmitted to the I^C bus. When the STOP 
condition is detected on the bus, the SI01 
hardware clears the STO flag. In a slave 
mode, the STO flag may be set to recover 
from an error condition. In this case, no 
STOP condition is transmitted to the I^C bus. 
However, the SI01 hardware behaves as if a 
STOP condition has been received and 
switches to the defined “not addressed” slave 
receiver mode. The STO flag is automatically 
cleared by hardware. 

If the STA and STO bits are both set, the a 
STOP condition is transmitted to the I^C bus 
if SI01 is in a master mode (in a slave mode, 
SI01 generates an internal STOP condition 
which is not transmitted). S101 then transmits 
a START condition. 

STO = “0”: When the STO bit is reset, no 
STOP condition will be generated. 

SI, the Serial Interrupt Flag 

SI = “1": When the SI flag is set, then, if the 
EA and ES1 (interrupt enable register) bits 
are also set, a serial interrupt is requested. SI 
is set by hardware when one of the following 
events occur; 

- A START condition is generated in MST 
mode. 

- The own slave address has been 
received during AA = logic 1 . 

- The general call address has been 
received while S1ADR.0 and AA = logic 
1 

- A data byte has been received or 
transmitted as selected slave. 

- A STOP or START condition is received 
as selected slave receiver or transmitter. 

While SI is set, the low period of the serial 
clock on the SCL line is stretched, and the 
serial transfer is suspended. A high level on 
the SCL line is unaffected by the serial 
interrupt flag. SI must be reset by software. 

SI = “0”; When the SI flag is reset, no serial 
interrupt is requested, and there is no 
stretching of the serial clock on the SCL line. 

AA, the Assert Acknowledge Flag 


AA = “1 If the AA flag is set, an 
acknowledge (low level to SDA) will be 
returned during the acknowledge clock pulse 
on the SCL line when: 

- The “own slave address" has been 
received 

- The general csfll address has been 
received while the general call bit (GC) 
in SI ADR is set 

- A data byte has been received while 
SI01 is in the master receiver mode 

- A data byte has been received while 
SI01 is in the addressed slave receiver 
mode 

AA = “0": if the AA flag is reset, a not 
acknowledge (high level to SDA) will be 
returned during the acknowledge clock pulse 
on SCL when: 

- A data has been received while SI01 is 
in the master receiver mode 

- A data byte has been received while 
SI01 is in the addressed slave receiver 
mode 

When SI01 is in the not addressed slave 
mode, its own slave address and the general 
call address are ignored. Consequently, no 
acknowledge is returned, and a serial 
interrupt Is not requested. Thus, SI01 can be 
temporarily released from the PC bus while 
the bus status is monitored. While SI01 is 
released from the bus, START and STOP 
conditions are detected, and serial data is 
shifted in. Address recognition can be 
resumed at any time by setting the AA flag. If 
the AA flag Is set when the part’s own slave 
address or the general call address has been 
partly received, the address will be 
recognized at the end of the byte 
transmission. 

CRO, CR1, and CR2, the Clock Rate Bits 
These three bits determine the serial clock 
frequency when SI01 is in a master mode. 
The various serial rates are shown in Table 7. 


Table 7. Serial Clock Rates 


CR 

2 

CR 

1 

CR 

0 

BIT FREQUENCY (kHz) 
ATfcLK 

12MHz 

16MHz 

1 

0 

0 

50 

66.7 

1 

0 

1 

3.75 

5 

1 

1 

0 

75 

100 

1 

1 

1 

100 

- 

0 

0 

0 

200 

266.7 

0 

0 

1 

7.5 

10 

0 

1 

0 

300 

400 

0 

1 

1 

400 

- 


The frequencies shown In Table 7 are 
unimportant when SI01 is in a slave mode. In 
the slave modes, SI01 will automatically 
synchronize with any dock frequency up to 
100kHz. 

Except from the bit rate selection (see table 
2) and the timing of the SCL and SDA signals 
(see AC electrical charac- teristics in section 
10) the SIO circuit is the same as described 
in detail in the 80C51 Data Handbook IC20 
1992 for the 8xC552 microcontroller. 

AA 

Assert acknowledge bit. When this bit is set, 
an acknow- ledge Is returned after any one of 
the following conditions: 

- Own slave address is received 

- General call address is received 
(S1ADR.0 = logic 1) 

- A data byte Is received, while the device 
is programmed to be a master receiver 

- A data byte is received, while the device 
is a selected slave receiver 

When the bit is reset, no acknowledge Is 
returned. Consequently, no interrupt is 
requested when the own address or general 
is received. 

SI 

SI01 interrupt flag. This is set, and an 
interrupt request is generated, after any of 
the following events occur: 

- A START condition is generated in MST 
mode 

- The own slave address has been 
received during AA = logic 1 

- The general call address has been 
received while SI ADR.O and AA = logic 
1 

- A data byte has been received or 
transmitted in MST mode (even if 
arbitration is lost) 

- A data byte has been received or 
transmitted as selected slave 

- A STOP or START condition Is received 
as selected slave receiver or transmitter 

STO 

STOP flag. When in master mode, and this 
bit is set a STOP condition is generated. A 
STOP condition detected on the PC-bus 
clears this bit. This bit may also be set in 
slave mode in order to recover from an error 
condition. Then no STOP condition Is 
generated to the PC-bus, but the hardware 
releases the SDA and SCL lines and 
switches to the not selected receiver mode. 
The STOP flag is cleared by the hardware. 

STA 

START flag. When this bit is set in slave 
mode, the hardware checks the PC-bus and 
generates a START condition if the bus is 
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free or after the bus becomes free. If the 
device operates in master mode it will 
generate a repeated START condition. 

ENS1 

0 = Serial I/O Disabled and reset. SDA 

and SCL outputs are open 
drain. 

1 = Serial I/O Enabled. 

Serial status register S1STA (S1STA is a 
read only register) 


MST/REC mode 
SiSTA value 

38 H - Arbit ration lost while returning 

ACR 

40H - SLA and R have been 

transmitted, ACKreceived 

48H - SLA and R have b een 

transmitted, ACKreceived 

50H - DATA has been received, ACK 

returned 

58 H - DATA has been received, ACK 
returned 


SISTA (D9H) 

7 6 5 


SC4 SC3 SC2 SCI SCO 


SLV/REC mode 

S1STA value 

60H - Own SLA and W have been 

received, ACK returned 


S1STA.3 - S1STA.7 hold a status code. 
S1STA.0 - S1STA.2 are held LOW. The 
contents of the status register may be used 
as a vector to a service routine. This optimize 
the response time of the software and 
consequently that of the I^C-bus. 

Abbreviations used: 

SLA 7-bit slave address 

R Read bit 

W : Write bit 
ACK : Acknowledgement 

(acknowledge bit = logic 0) 

ACK : Not acknowledgement 

(acknowledge bit = logic 1 ) 

DATA ; 8b-t data byte to or from I^C-bus 

MST ; Master 

SLV : Slave 

TRX Transmitter 

REC : Receiver 

The following is a list of the status codes; 

MST/TRX mode 

S1STA value 

08H - A START condition has been 

transmitted 

10H - A repeated START condition 
has been transmitted 
1 8H - SLA and W have been 

transmitted, ACK has been 
received 

20H - SLA and W h^e been 

transmitted, ACK received 
28H - DATA and S1 DAT has been 

transmitted, ACK received 
30H - DATA and S 1DAT has been 

transmitted, ACK received 

38H - Arbitration lost in SLA, R/W or 

DATA 


68 H - Arbitration lost in SLA, R/W as 
MST. Own SLA and W have 
been received. 


ACK returned 


70H - 

General CALL has been 
received, ACK returned 

78H - 

Arbitration lost in SLA, R/W as 
MST. General call has been 
received 

80H - 

Previously addressed with own 
SLA. DATA byte received, ACK 
returned 

88H - 

Previously addressed with own 
SLA. DATA byte received, ACK 
returned 

90H - 

Previously addressed witfi 
general call. DATA byte has 
been received, ACK has been 
returned 

98H - 

Previously addressed with 
general call. DATA byte has 
been received. ACK has been 
returned 

AOH - 

A STOP condition or repeated 
STARTcondition has been 
received while still addressed 
as SLV/REC or SLV/TRX. 

SLV/TRX mode 

SISTA value 

A8H - 

Own SLA and R have been 
received, ACK returned 

BOH - 

Arbitration lost In SLA, R/W as 
MSTOwn SLA and R have 
been received, ACK returned 

B8H - 

DATA byte has been 
transmitted, ACK returned 

COH - 

DATA byte has been 
transmitted, ACK returned 

C8H - 

Last DATA byte has been 
transmitted (A A = logic 0), ACK 
received 


Miscellaneous 
SISTA value 

00 H - Bus error during MST mode or 
selected (AA = logic 0), ACK 
received 

The data shift register S1 DAT 
SIDAT(DAH) 


7 6 5 4 3 2 1 0 


This register contains the serial data to be 
transmitted or data which has been received. 
Bit 7 is transmitted or received first; i.e. data 
is shifted from right to left. 

The address register SI ADR 
S1ADR(DBH} 


7 6 5 4 3 2 1 0 


S1ADR.0, GC 0=1 general call 
address is not 
recognized 

1 = general call 
address recognized 
SI ADR.7 - 1 own slave address 

This 8-bit register may be loaded with the 
7-bit slave address to which the controller will 
respond when programmed as a slave 
receiver/transmitter. The LSB (GC) is used to 
determine whether the general call address is 
recognized. 

1.9 Interrupt System 

External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronously to the execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution a multiple-source, 
two-priority-level, nested interrupt system Is 
provided. Interrupt response time in a 
single-interrupt system Is in the range from 
2.25US to 6.75 us when using a 16 MHz 
crystal. The latency time depends on the 
sequence of instructions executed directly 
after an interrupt request. 

The 8xCE558 acknowledges interrupt 
requests from 15 sources as follows (see 
Figure 19): 

• UART serial I/O port receive/transmit 
interrupt 

• I^C-bus interface serial I/O interrupt 

• ADC autoscan completion interrupt 

• 'Seconds’ timer interrupt SEC (ored with 
INTI) 
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The External Interrupts INTO and INTT can 
each be either level-activated or 
transition-activated, depending on bits ITO 
and IT 1 in register TCON. The flags that 
actually generate these interrupts are bits lEO 
and IE1 in TCON. When an external interrupt 
is generated, the corresponding request flag 
is cleared by the hardware when the service 
routine is vectored to only If the interrupt was 
transition-activated. If the interrupt was 
level-activated then the interrupt request flag 
remains set until the external interrupt pin 
INTx goes high. Consequently the external 
source has to hold the request active until the 
requested interrupt is actually generated. 
Then it has to deactivate the request before 
the Interrupt service routine is completed, or 
else another interrupt will be generated. As 
these external interrupts are active LOW a 
"wire-ORIng” of several interrupt sources to 
one input pin allows expansion. 

The Timer 0 and Timer 1 Interrupts are 
generated by TFO and TF1 , which are set by 
a rollover in their respective timer/counter 
register (except for Timer 0 in Mode 3 of the 
serial interface). When a Timer interrupt is 
generated, the flag that generated it is 
cleared by the on-chip hardware when the 
service routine is vectored to. 

The eight Timer/Counter T2 Interrupt sources 
are; 4 capture Interrupts (^), 3 compare 
interrupts and an overflow interrupt. The 
appropriate interrupt request flags must be 
cleared by software. 

The UART Serial Port Interrupt is generated 
by the logical OR of Rl and Tl. Neither of 
these flags is cleared by hardware. The 
service routine will normally have to 
determine whether it was Rl or Tl that 
generated the interrupt, and the bit will have 
to be cleared by software. 

The I^C Interrupt is generated by bit SI in 
register S1CON. This flag has to be cleared 
by software. 

The ADC Interrupt is generated by bit ADI NT, 
which is set when of all selected analog 
Inputs to be scanned, the conversion is 
finished. ADINT must be cleared by software. 
It cannot be set by software. 

All of the bits that generate interrupts can be 


set or cleared by software, with the same 
result as though it had been set or cleared by 
hardware (except the ADC interrupt request 
flag ADINT, which cannot be set by software). 
That is. interrupts can be generated or 
pending interrupts can be cancelled In 
software. 

The Interrupts XO, TO, XI, Tl, SEC, SO and 
SI are capable to terminate the Idle Mode. 

Interrupt Enable Registers 

Each interrupt source can be individually 
enabled or disabled by setting or clearing a 
bit In the interrupt enable special function 
registers lENO and IEN1 . All interrupt sources 
can also be globally enabled or disabled by 
setting or clearing bit EA in lENO. The 
interrupt enable registers are described in 
Figures 20 and 21. 

Interrupt Priority Structure 

Each interrupt source can be assigned one of 
two priority levels. Interrupt priority levels are 
defined by the interrupt priority special 
function registers IPO and IP1 . IPO and IP1 
are described in Figures 22 and 23. 

Interrupt priority levels are as follows: 

“0” — low priority 
“1” — high priority 

A low priority interrupt may be interrupted by 
a high priority interrupt. A high priority 
interrupt cannot be interrupted by any other 
interrupt source. If two requests of different 
priority occur simultaneously, the high priority 
level request is serviced. If requests of the 
same priority are received simultaneously, an 
internal polling sequence determines which 
request is serviced. Thus, within each priority 
level, there is a second priority structure 
determined by the polling sequence. This 
second priority structure is shown in Table 8. 

Interrupt Handling 

The interrupt sources are sampled at S5P2 of 
every machine cycle. The samples are polled 
during the following machine cycle. If one of 
the flags was in a set condition at S5P2 of the 
previous machine cycle, the polling cycle will 
find it and the interrupt system will generate 
an LCALL to the appropriate service routine, 
provided this hardware- generated LCALL is 
not blocked by any of the following 
conditions; 


1 . An interrupt of higher or equal priority 
level is already in progress. 

2. The current machine cycle is not the final 
cycle in the execution of the instruction in 
progress. (No interrupt request will be 
serviced until the Instruction in progress is 
completed.) 

3. The instruction in progress is RETI or any 
access to the interrupt priority or Interrupt 
enable registers. (No interrupt will be 
serviced after RETI or after a read or write 
to IPO, IP1, lEO, or IE1 until at least one 
other instruction has been subsequently 
executed.) 

The polling cycle is repeated with every 
machine cycle, and the values polled are the 
values present at S5P2 of the previous 
machine cycle. Note that if an interrupt flag is 
active but is not being responded to because 
of one of the above conditions, and If the flag 
is inactive when the blocking condition is 
removed, then the blocked interrupt will not 
be serviced. Thus, the fact that the interrupt 
flag was once active but not serviced is not 
remembered. Every polling cycle is new. 

The processor acknowledges an interrupt 
request by executing a hardware-generated 
LCALL to the appropriate service routine. In 
some cases it also clears the flag which 
generated the interrupt, and in others it does 
not. It clears the Timer 0, Timer 1 , and 
external interrupt flags. An external interrupt 
flag (lEO or IE1 ) is cleared only if it was 
transition-activated. All other interrupt flags 

are not cleared by hardware and must be 
cleared by the software. The LCALL pushes 
the contents of the program counter on to the 
stack (but it does not save the PSW) and 
reloads the PC with an address that depends 
on the source of the interrupt being vectored 
to as shown in Table 9. 

Execution proceeds from the vector address 
until the RETI instruction is encountered. The 
RETI instruction clears the “priority level 
active” flip-flop that was set when this 
interrupt was acknowledged. It then pops the 
top two bytes from the stack and reloads the 
program counter. Execution of the in- 
terrupted program continues from where it 
was interrupted. 


Note If a capture register is unused and it's contents is of no Interest, tiien the corresponding input pin CTnI/Pl.n (n; 0...3) may be 
used as a (configurable) positive and/or negative edge triggered additional external interrupt input (INT2. INT3, INT4, INT5). 
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7 

6 

5 

4 

3 

2 


0 

lENO 
(ASH) 1 

1 ^1 

EAD 

ESI 

ESO 

1 ^"1 

EXI 

ETO 

EXO 


(MSB) (LSB) 


Bit 

Symbol 

Function 

IEN0.7 

EA 

Global enable/disable control 

0 = No interrupt is enabled 

1 = Any individually enabled interrupt will 

be accepted 

IEN0.6 

EAD 

Enable ADC interrupt 

IEN0.5 

ESI 

Enable SIOl (I^C) interrupt 

iENO.4 

ESO 

Enable SlOO (UART) interrupt 

IEN0.3 

ET1 

Enable Timer 1 /Seconds interrupt 

IEN0.2 

EXI 

Enable External interrupt 1 

lENO.I 

ETO 

Enable Timer 0 interrupt 

iEN0.0 

EXO 

Enable External Interrupt 0 


Figure 20. Interrupt Enable Register (lENO) 


7 

6 

5 

4 

3 

2 

1 

0 

ET2 

ecm: 

|ecmi 

ECMG 

ECTaj 

ECT2 

ECT1 

ECTO 


(MSB) (LSB) 


Bit 

Symbol 

Function 

iENl.7 

ET2 

Enable T2 overflow interrupt(s) 

IEN1.6 

ECM2 

Enable T2 comparator 2 interrupt 

IEN1.5 

ECM1 

Enable T2 comparator 1 interrupt 

IEN1.4 

ECMO 

Enable T2 comparator 0 intermpt 

IEN1.3 

ECT3 

Enable T2 capture register 3 interrupt 

IEN1.2 

ECT2 

Enable T2 capture register 2 interrupt 

IEN1.1 

ECTl 

Enable T2 capture register 1 interrupt 

IEN1.0 

ECTO 

Enable T2 capture register 0 interrupt 


if the enable bit is 0, then the intermpt is disabled, 
if the enable bit is 1. then the inten-upt is enabled. 

Figure 21. Interrupt Enable Register (IEN1) 


7 

6 

5 

4 

3 

2 

1 

0 

r 

PAD 

PSI 

PSO 

1 "^’1 

M 

PTO 

1 1 


(MSB) (LSB) 


7 

6 

5 

4 

3 

2 

1 

0 

1 ^^^ 1 

PCM2 

PCM1 

PCMO 

PCT3 

PCT2 

PCTI 

PCTO 


(MSB) (LSB) 


Bit 

Symbol 

Function 

IP0.7 

_ 

Reserved for future use 

IP0.6 

PAD 

ADC interrupt priority level 

1P0.5 

PSI 

SiOl (PC) interrupt priority level 

IP0.4 

PSO 

SlOO (UART) intermpt priority level 

IP0.3 

PT1 

Timer 1 interrupt priority level 

IP0.2 

PX1 

External interrupt 1 /Seconds interrupt priority level 

IP0.1 

PTO 

Timer 0 interrupt priority level 

IP0.0 

PXO 

External interrupt 0 priorhy level 


Bit 

Symbol 

Function 

IPI .7 

PT2 

T2 overflow interruptfs) priority level 

IP1.6 

PCM2 

T2 comparator 2 interrupt priority level 

IPl.S 

PCMI 

T2 comparator 1 interrupt priority level 

IPI. 4 

PCMO 

T2 comparator 0 interrupt priority level 

IP1.3 

PCT3 

T2 capture register 3 interrupt priority level 

IPI .2 

PCT2 

T2 capture register 2 interrupt priority level 

IPl.1 

PCTl 

T2 captive register 1 interrupt priority level 

IP1.0 

PCTO 

T2 capture register 0 interrupt priority level 


Figure 22. Interrupt Priority Register (IPO) 


Figure 23. Interrupt Priority Register (IPI) 


Table 8. Interrupt Priority Structure 


SOURCE 

NAME 

PRIORITY WITHIN LEVEL 

External interrupt 0 

XO 

(highest) 

T 

SI01 (|2C) 

S1 


ADC completion 

ADC 


Timer 0 overflow 

TO 


T2 capture 0 

CTO 


T2 compare 0 

CMO 


External interrupt 1 /seconds interrupt 

X1/SEC 


T2 capture 1 

CT1 


T2 compare 1 

CM1 


Timer 1 overflow 

T1 


T2 capture 2 

CT2 


T2 compare 2 

CM2 


SlOO (UART) 

SO 


T2 capture 3 

CT3 


Timer T2 overflow 

T2 

i 



(lowest) 
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Table 9. Interrupt Vector Addresses 


SOURCE 

NAME 

VECTOR ADDRESS 

External interrupt 0 

XO 

0003H 

Timer 0 overflow 

TO 

OOOBH 

External interrupt 1 /seconds interrupt 

X1/SEC 

0013H 

Timer 1 overflow 

T1 

001 BH 

SlOO (UART) 

SO 

0023H 

SI01 (|2C) 

SI 

002BH 

T2 capture 0 

CTO 

0033H 

T2 capture 1 

CT1 

003BH 

T2 capture 2 

CT2 

0043H 

T2 capture 3 

CT3 

004BH 

ADC completion 

ADC 

0053H 

T2 compare 0 

CMO 

005BH 

T2 compare 1 

CM1 

0063H 

T2 compare 2 

CM2 

006BH 

T2 overflow 

T2 

0073H 



7 

6 

5 

4 

3 

2 

1 

0 

PCON (87H) 

SMOD 

ARD 

RFI 

WLE 

GF1 

GFO 

PD 

IDL 


Bit Symbol Function 


PCON.7 

SMOD 

Double Baud rate bit. When set to logic 1 the baud rate is doubled 
when the serial port SlOO is being used in modes 1, 2, or 3. 

PCON.6 

ARD 

AUX-RAM disable bit. When set to a 1 the internal 768-byte AUX-RAM 
is disabled, so that all MOVX-lnstructions access the external data 
memory - as it is with the standard PCB80C51. 

PCON.5 

RFI 

Reduced radio frequency interference bit. When set to a 1 the toggling 
of ALE pin is prohibited. This bit is cleared on RESET (see also sections 
Features (EMC) and Pinning). 

PCON.4 

WLE 

Watchdog load enable. This flag must be set by software prior to 
loading timer T3 (watchdog timer). It is cleared when timer T3 is 
loaded. 

PCON.3 

GF1 

General-purpose flag bit 

PCON.2 

GFO 

General-purpose flag bit 

PCON.1 

PD 

Power-down bit. Setting this bit activates the power-down mode. 

It can only be set if input EW is high. 

PCON.O IDL 

Idle mode bit. Setting this bit activates the idle mode. 


If logic 1s are written to PD and IDL at the same time, PD takes 
precedence. 

Figure 24. Power Control Register (PCON) 
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1 .1 0 Power reduction modes 

Two software-selectable modes of reduced 
power consumption are implemented. These 
are the Idle Mode and the Power-down Mode. 
Idle Mode operation permits the interrupt, 
serial ports and timer blocks TO, T 1 and T3 to 
function while the CPU is halted. The 
following functions are switched off when the 
microcontroller enters the Idle Mode: 

• CPU (halted) 

• Timer 2 (stopped and reset) 

• PWMO, PWM1 (reset, output = HIGH) 

• ADC (aborted If conversion 

in progress) 

The following functions remain active during 
Idle Mode. These functions may generate an 
interrupt or reset and thus terminate the Idle 
Mode: 

• Timer 0, Timer 1 , Timer 3 (Watchdog 
timer) 

• UART 

• PC 

• External interrupt 

• Second Timer 


In Power-down Mode tiie system clock is 
halted. If the PLL oscillator Is selected 
(SELXTAL1 = 0) and the RUN32 bit is set, 
the 32 kHz oscillator keeps running, 
otherwise its stopped. If the HF-oscillator 
(SELXTAL1 = 1) is selected, it is freezed after 
setting the bit PD in the PCON register. 

1.10.1 Power Control Register 

The modes Idle and Power-down are 
activated by software via the Special 
Function Register PCON. Its hardware 
address is 87h. PCON is not bit addressable. 
The reset value of PCON is (00000000). 

1.10.2 Idle Mode 

The instruction that sets PCON.O is the last 
instruction executed in the normal operating 
mode before Idle mode is activated. Once in 
the Idle mode, the CPU status is preserved in 
its entirety: the Stack Pointer, Program 
Counter, Program Status Word, Accumulator. 
RAM and all other registers maintain their 
data during Idle mode. 

The status of external pins during Idle mode 
is shown in Table 10. 


There are three ways to terminate the Idle 
mode: 

Activation of any enabled interrupt XO, TO, 

XI, SEC. T1, SO or SI will cause PCON.O to 
be cleared by hardware terminating Idle 
mode. The interrupt is serviced, and following 
return from interrupt instruction RETI, the 
next instruction to be executed will be the one 
which follows the instruction that wrote a logic 
1 to PCON.O. 

The flag bits GFO and GF1 may be used to 
determine whether the interrupt was received 
during normal execution or during Idle mode. 
For example, the instruction that writes to 
PCON.O can also set or clear one or both flag 
bits. When Idle mode is terminated by an 
interrupt, the service routine can examine the 
status of the flag bits. 

The second way of terminating the idle mode 
is with an external hardware reset. Since the 
oscillator is still running, the hardware reset is 
required to be active for two machine cycles 
(24 HF oscillator periods) to complete the 
reset operation if the HF oscillator is selected. 


Table 10. External Pin Status During Idle and Power-Down Modes 


MODE 

MEMORY 

ALE 

P5ER 

PORTO 

PORT1 

PORT 2 

PORT 3 

PORT 4 

SCL/SDA 

PWRTO/PWMT 

Idle 

Internal 

1 

1 

data 

data 

data 

data 

data 

operative (1) 

HIGH 

Idle 

External 

1 

1 

high - Z 

data 

Address 

data 

data 

operative (1) 

HIGH 

Power-down 

Internal 

0 

0 

data 

data 

data 

data 

data 

high-Z 

HIGH 

Power-down 

External 

0 

0 

high-Z 

data 

data 

data 

data 

high-Z 

HIGH 


Status of external pins during Idle and Power-down ModeTable 

Note In Idle Mode SCL and SDA can be active as outputs only if SI01 is enabled; if SI01 is disabled (S1CON.6/ENS1 = 0) these pins 
are in a high-impedance state. 



Inter- 
rupts, 
Serial 
Ports, 
TO, Tl, 
T3 

CPU 

T2 

ADC 

PWM 


Figure 25. Idle and Power Down Hardware 
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When the PLL oscillator is selected a 
hardware reset of 1 |lsec is required and 
the microcontroller restarts within 63 msec 
after the reset has finished. 

The third way of terminating the Idle mode is 
by internal watchdog reset. The 
microcontroller restarts after 3 machine 
cycles in all cases. 

1.10.3 Power-down mode 

The instruction that sets PCON.1 is the last 
executed prior to going into the Power-down 
mode. Once in Power-down mode, the HF 
oscillator is stopped. The 32 KHz oscillator 
may stay running. The content of the on-chip 
RAM and the Special Function Registers are 
not saved. Note that the Power-down mode 
can not be entered when the watchdog has 
been enabled. 

The Power-down mode can be terminated by 
an external RESET in the same way as in the 
80C51 (FIAM is saved, SFRs are cleared due 
to RESET) or in addition by any one of the 
external interrupts, INTO, INT1 or Seconds 
interrupt, (see description Wake-up from 
Power-down mode) 

The status of the external pins during 
Power-down mode is shown in Table 10. If 
the Power-down mode is activated while in 
external program memory, the port data that 
is held in the Special Function Register P2 is 
restored to Port 2. If the data is a logici , the 
port pin is held HIGH during the Power-down 
mode by the strong pull-up transistor PI (see 
Figure 5) 

1.10.4 Wake-up from Power-down Mode 

The Power-down mode of the 8xCE558 can 


also be terminated by any one of the three 
enabled interrupts, INTO, INTI or Seconds 
interrupt. 

A termination with these interrupts do not 
affect the internal data memory and does not 
affect the Special Function Registers. This 
gives the possibility to exit Power-down 
without changing the port output levels. To 
terminate the Power-down mode with an 
external interrupt, INTO or INti must be 
switched to be level-sensitive and must be 
enabled. The external interrupt input signal 
INTO or INTi must be kept LOW till tiie 
oscillator has restarted and stabilized (see 
Figure 26) in order to prevent any interrupt 
priority problems during wake-up. A Seconds 
interrupt will terminate the Power-down mode 
if enabled and INTI is level sensitive. 
Wake-up time is 60 ms in this case. TTie 
priority of the desired wake-up interrupt 
should be higher than the priorities of all other 
enabled interrupt sources. The instruction 
following the one that put the device into the 
Power-down mode will be the first one which 
will be executed after the wake-up. 

1.11 Oscillator circuits 

The input signal SELXTAL1 selects for 
XTAL1 , 2 oscillator (standard 80C51 ) or the 
PLL oscillator. The not selected oscillator is 
halted and its XTAL pin must be not 
connected. 

1.111 XTAL1, 2 Oscillator circuit 
(standard 80C51) 

The oscillator circuit of the 8xCE558 Is a 
single-stage inverting amplifier In a Pierce 
oscillator configuration. The circuitry between 
the XTAL1 and XTAL2 is basically an inverter 
biased to the transfer point. Either a crystal or 


ceramic resonator can be used as the 
feedback element to complete the oscillator 
circuitry. Both are operated In parallel 
resonance. XTAL1 is the high gain amplifier 
input, and XTAL2 Is the output (see Figure 
27). To drive the 8xCE558 externally, XTAL1 
is driven from an external source and XTAL2 
left open-circuit (see Figure 28). 

1.11.2 XTAL3, 4 circuitry, PLL oscillator 

See appendix 1 , "Specification PLL oscillator 
for80C51 derivatives." 

1.12 Reset Circuitry 

The reset input pin RSTIN is connected to a 
Schmitt trigger for noise reduction (see 
Figure 29). Is the HF-oscillator selected a 
reset Is accomplished by holding the RSTIN 
pin HIGH for at least 2 machine cycles (24 
system clock periods). Is the PLL-oscillator 
selected the RSTIN-pulse must have a width 
of 1 kls at least, independent of the 32 kHz- 
oscillator is running or not (see PLL 
description). The CPU responds by executing 
an internal reset. The RSTOUT pin 
represents the signal resetting the CPU and 
can be used to reset peripheral devices. 

The RSTOUT level also could be high due to 
a Watchdog timer overflow. 

The length of the output pulse from T3 is 3 
machine cycles. A pulse of such short 
duration is necessary in order to recover from 
a processor or system fault as fast as 
possible. 

During reset, ALE and PSEN output a HIGH 
level. In order to perform a correct reset, this 
level must not be affected by external 
elements. 


Internal timing stopped 

1 ^ 

Cl Cl 

Cl , C2 

Power-down mode 1 _ 

T T 

Idle mode 

T 

, LCALL 

XTALI ,2 oscillator stopped 1 

oscillator start up > 20 ms | 

^ interrupts are polled 

T" 

1 Interrupt routine 

‘’l 

32 KHz oscillator stopped 1 

4 T 

^ > 560 ms 1 

INTO : 2 cycles 

INTT : 1 cycle 

T" 

running ^ 

> 60 ms I 


TNTT 1 




set External Interrupt latch 


Figure 26. Wake-up by interrupt 
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A reset leves the internal registers as follows. 


REGISTER 

CONTENT 

ACC 

0000 

0000 

ADCON 

xxOO 

0000 

ADRSH 

xxxx 

xxxx 

ADPSS 

0000 

0000 

ADRSLO-7 

xxxx 

xxxx 

B 

0000 

0000 

CML0-CM1_2 

0000 

0000 

CMH0-CMH2 

0000 

0000 

CTCON 

0000 

0000 

CTL0-CTL3 

xxxx 

xxxx 

CTH0-CTH3 

xxxx 

xxxx 

DPL 

0000 

0000 

DPH 

0000 

0000 

FMCON 

OOOx 

0000 

lENO 

0000 

0000 

IEN1 

0000 

0000 

IPO 

xOOO 

0000 

IP1 

0000 

0000 

PCON 

0000 

0000 

PLLCON 

0000 

1101 

PSW 

0000 

0000 

PWMO 

0000 

0000 

PWM1 

0000 

0000 

PWMP 

0000 

0000 

P0-P4 

1111 

1111 

P5 

xxxx 

xxxx 

RTE 

0000 

0000 

SOBUF 

xxxx 

xxxx 

SOCON 

0000 

0000 

S1ADR 

0000 

0000 

SI CON 

0000 

0000 

SI DAT 

0000 

0000 

S1STA 

1111 

1000 

SP 

0000 

0111 

STE 

1100 

0000 

TCON 

0000 

0000 

THO, TH1 

0000 

0000 

TMH2 

0000 

0000 

TLO, TL1 

0000 

0000 

TML2 

0000 

0000 

TMOD 

0000 

0000 

TM2CON 

0000 

0000 

TM2IR 

0000 

0000 

T3 

0000 

0000 

XRAMP 

xxxx 

xxOO 


The internal RAM is not affected by reset. At 
power-on, the RAM content is indeterminate. 

1.13 Power-on Reset 

An automatic reset can be obtained by 
switching on Vqd, if the RSTIN pin is 
connected to Vdd via a capacitor, as shown 
in Figure 30. Is the HF oscillator selected the 
Vdd rise time must not exceed 1 0 ms and 
the capacitor should be at least 2.2 |J.F. The 
decrease of the RSTIN pin voltage depends 
on the capacitor and the internal resistor 
Rrst- That voltage must remain above the 
lower threshold for at minimum the 
HF-oscillator start-up time plus 2 machine 
cycles. Is the PLLC-oscillator selected a 0.1 
nF capacitor is sufficient to obtain an 
automatic reset. 


Quartz crystal 
or ceramic . 
resonator 



Figure 27. Using the On-Chip Oscillator 
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Using an external clock 
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Figure 29. On-chip Reset Configuration 
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2.0 INSTRUCTION SET 

The 8xCE558 uses the powerful instruction 
set of the PCB80C51 . It consists of 49 
single-byte, 45 two-byte and 1 7 three-byte 
instructions. Using a 16 MHz quartz, 64 of the 
instructions are executed in 0.75 |ls, 45 in 
1 ,5 fis and the multiply, divide instructions in 
3 ^. 8 . 

A summary of the instruction set is given in 
table 7. 

The 8xCE558 has additional Special Function 
Registers to control the on-chip peripherals. 

2.1 Addressing Modes 

Most instructions have a "destination, source” 
field that specifies the data type, addressing 
modes and operands involved. For ail these 


instructions, except for MOVs, the 
destination operand is also the source 
operand (e g. ADD A,R7). 

There are five kinds of addressing modes: 

• Register Addressing 

- R0-R7(4banks) 

- A,B,C (bit), AB (2 bytes), DPTR (double 
byte) 

• Direct Addressing 

- lower 1 28 bytes of internal Main RAM 
(including the 4 R0-R7 register banks) 

- Special Function Registers 1 

- 28 bits in a subset of the internal Main 
RAM 

- 128 bits in a subset of the Special 
Function Registers 


• Register-Indirect Addressing 

- internal Main RAM (<§>R0, <g>R1 , @SP 
[PUSH/POP]) 

- Internal Auxiliary RAM «a)R0. (SRI , 
(SDPTR) 

- external Data Memory ((g>R0, (g>R1 , 
@DPTR) 

• Immediate Addressing 

- Program Memory (In-code 8 bit or 1 6 bit 
constant) 

• Base- Register-plus 
Index-Register-Indirect Addressing 

- Program Memory look-up table 
((§>DPTR-^A. (§>PC-hA) 

The first three addressing modes are usable 

for destination operands. 


80C51 FAMILY INSTRUCTION SET 
Table 11. 80C51 Instruction Set Summary 

Interrupt Response Time; Refer to Hardware Description Chapter. 
Instructions that Affect Flag Settingsf^l 


Instruction 


Flag 


Instruction 


C 

OV 

AC 


ADD 

X 

X 

X 

CLRC 

ADDC 

X 

X 

X 

CPLC 

SUBB 

X 

X 

X 

ANL C,bit 

MUL 

0 

X 


ANL C./bit 

DIV 

0 

X 


ANL C,blt 

DA 

X 



ORL C,/bit 

RRC 

X 



MOV C,bit 

RLC 

SETBC 

X 

1 



CJNE 


C OV AC 
0 


(i)Note that operations on SFR byte address 208 or bit addresses 209-215 (I.e., the PSW or bits in the PSW) will also affect flag 
settings. 

Notes on instruction set and addressing modes: 

Rn Register R7-R0 of the currently selected Register Bank. 

direct 8-bit internal data location’s address. This could be an internal Data RAM location (0-1 27) or a SFR [i.e., I/O 
port, control register, status register, etc. (128-255)]. 

(§>RI 8-bit internal data RAM location addressed indirectly through register R1 or RO of the actual register bank.. 

#data 8-bit constant included in the instruction. 

#data 16 16-bit constant included in the instruction 

addr 1 6 16-bit destination address. Used by LCALL and LUMP. A branch can be anywhere within the 64k-byte 

Program Memory address space. 

addr 1 1 1 1-bit destination address. Used by ACALL and AJMP. The branch will be within the same 2k-byte page of 

program memory as the first byte of the following instruction. 

rel Signed (two's complement) 8-bit offset byte. Used by SJMP and all conditional jumps. Range Is -1 28 to 

-1-1 27 bytes relative to first byte of the following instruction. 

bit Direct Addressed bit in Internal Data RAM or Special Function Register. 

All mnemonics copyrighted © Intel Corporation 1980 
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Table 11. 80C51 Instruction Set Summary (Continued) 



MNEMONIC 

DESCRIPTION 

BYTE 

CYCLES 1 

ARITHMETIC OPERATIONS ] 

ADD 

A,Rn 

Add register to Accumulator 

1 

1 

ADD 

A, direct 

Add direct byte to Accumulator 

2 

1 

ADD 

A,<§>Ri 

Add indirect RAM to Accumulator 

1 

1 

ADD 

A,#data 

Add immediate data to Accumulator 

2 

1 

ADDC 

A,Rn 

Add register to Accumulator with carry 

1 

1 

ADDC 

A, direct 

Add direct byte to Accumulator with carry 

2 

1 

ADDC 

A,@Ri 

Add indirect RAM to Accumulator with carry 

1 

1 

ADDC 

A,#data 

Add immediate data to Acc with carry 

2 

1 

SUBB 

A,Rn 

Subtract Register from Acc with borrow 

1 

1 

SUBB 

A.direct 

Subtract direct byte from Acc with borrow 

2 

1 

SUBB 

A,@Ri 

Subtract indirect RAM from Acc with borrow 

1 

1 

SUBB 

A,#data 

Subtract immediate data from Acc with borrow 

2 

1 

INC 

A 

Increment Accumulator 

1 

1 

INC 

Rn 

Increment register 

1 

1 

INC 

direct 

Increment direct byte 

2 

1 

INC 

@Ri 

Increment indirect RAM 

1 

1 

DEC 

A 

Decrement Accumulator 

1 

1 

DEC 

Rn 

Decrement Register 

1 

1 

DEC 

direct 

Decrement direct byte 

2 

1 

DEC 

@Ri 

Decrement indirect RAM 

1 

1 

INC 

DPTR 

Increment Data Pointer 

1 

2 

MUL 

AB 

Multiply A and B 

1 

4 

DIV 

AB 

Divide A by B 

1 

4 

DA 

A 

Decimal Adjust Accumulator 

1 

1 

I LOGICAL OPERATIONS | 

ANL 

A,Rn 

AND Register to Accumulator 

1 

1 

ANL 

A,direct 

AND direct byte to Accumulator 

2 

1 

ANL 

A.@Ri 

AND indirect RAM to Accumulator 

1 

1 

ANL 

A,#data 

AND immediate data to Accumulator 

2 

1 

ANL 

direct, A 

AND Accumulator to direct byte 

2 

1 

ANL 

direct, #data 

AND immediate data to direct byte 

3 

2 

ORL 

A,Rn 

OR register to Accumulator 

1 

1 

ORL 

A, direct 

OR direct byte to Accumulator 

2 

1 

ORL 

A,<g>Ri 

OR indirect RAM to Accumulator 

1 

1 

ORL 

A,#data 

OR Immediate data to Accumulator 

2 

1 

ORL 

direct, A 

OR Accumulator to direct byte 

2 

1 

ORL 

direct, #data 

OR immediate data to direct byte 

3 

2 

XRL 

A,Rn 

Exclusive-OR register to Accumulator 

1 

1 

XRL 

A,direct 

Exclusive-OR direct byte to Accumulator 

2 

1 


All mnemonics copyrighted © Intel Corporation 1980 


849 





Philips Semiconductors Products 


Product specification 


Single-chip 8-bit microcontroller 


80CE558/83CE558/89CE558 


Table 11. 80C51 Instruction Set Summary (Continued) 



MNEMONIC 

DESCRIPTION 

BYTE 

CYCLES 

LOGICAL OPERATIONS (Continued) 

XRL 

A,@Ri 

Exdusive-OR indirect RAM to Accumulator 

1 

1 

XRL 

A,#data 

Exdusive-OR immediate data to Accumulator 

2 

1 

XRL 

direct, A 

Exdusive-OR Accumulator to direct byte 

2 

1 

XRL 

direct, #data 

Exdusive-OR immediate data to direct byte 

3 

2 

CLR 

A 

Clear Accumulator 

1 

1 

CPL 

A 

Complement Accumulator 

1 

1 

RL 

A 

Rotate Accumulator left 

1 

1 

RLC 

A 

Rotate Accumulator left through the cary 

1 

1 

RR 

A 

Rotate Accumulator right 

1 

1 

RRC 

A 

Rotate Accumulator right through the carry 

1 

1 

SWAP 

A 

Swap nibbles within the Accumulator 

1 

1 

DATA TRANSFER 


MOV 

A,Rn 

Move register to Accumulator 

MOV 

A,direct 

Move direct byte to Accumulator 

MOV 

A,@Ri 

Move Indirect RAM to Accumulator 

MOV 

A,#data 

Move immediate data to Accumulator 

MOV 

Rn,A 

Move Accumulator to register 

MOV 

Rn, direct 

Move direct byte to register 

MOV 

RN,#data 

Move immediate data to register 

MOV 

direct,A 

Move Accumulator to direct byte 

MOV 

direct,Rn 

Move register to direct byte 

MOV 

direct,direct 

Move direct byte to direct 

MOV 

direct,@Ri 

Move indirect RAM to direct byte 

MOV 

direct,#data 

Move immediate data to direct byte 

MOV 

@Ri,A 

Move Accumulator to indirect RAM 

MOV 

@Ri, direct 

Move direct byte to indirect RAM 

MOV 

@Ri,#data 

Move immediate data to indirect RAM 

MOV 

DPTR,#data16 

Load Data Pointer with a 16-bit constant 

Move 

A,@A-^DPTR 

Move Code byte relative to DPTR to Acc 

Move 

A,(3)A-»-PC 

Move Code byte relative to PC to Acc 

MOVX 

A,@Ri 

Move external RAM (8-bit addr) to Acc 

MOVX 

A(§>DPTR 

Move external RAM (16-bit addr) to Acc 

MOVX 

A,(§>RI,A 

Move Acc to external RAM (8-bit addr) 

MOVX 

@DPTR,A 

Move Acc to external RAM (16-bit addr) 

PUSH 

direct 

Push direct byte onto stack 

POP 

direct 

Pop direct byte from stack 

XCH 

A,Rn 

Exchange register with Accumulator 

XCH 

A,direct 

Exchange direct byte with Accumulator 

XCH 

A,@Ri 

Exchange indirect RAM with Accumulator 

XCHD 

A,@Ri 

Exchange low-order digit indirect RAM with Acc 
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MNEMONIC 

DESCRIPTION 

BYTE 

CYCLES 1 

BOOLEAN VARIABLE MANIPULATION | 

CLR 

C 

Clear cany 

1 

1 

CLR 

bit 

Clear direct bit 

2 

1 

SETB 

C 

Set carry 

1 

1 

SETB 

bit 

Set direct bit 

2 

1 

CPL 

C 

Complement carry 

1 

1 

CPL 

bit 

Complement direct bit 

2 

1 

ANL 

C,bit 

AND direct bit to carry 

2 

2 

ANL 

C./bit 

AND complement of direct bit to carry 

2 

2 

ORL 

C.bit 

OR direct bit to carry 

2 

2 

ORL 

C,/bit 

OR complement of direct bit to carry 

2 

2 

MOV 

C.bit 

Move direct bit to carry 

2 

1 

MOV 

bit,C 

Move carry to direct bit 

2 

2 

JC 

rel 

Jump if carry is set 

2 

2 

JNC 

rel 

Jump if carry not set 

2 

2 

JB 

rel 

Jump if direct bit is set 

2 

2 

JNB 

rel 

Jump if direct bit is not set 

2 

2 

JBC 

bit, rel 

Jump if direct bit is set and clear bit 

3 

2 

PROGRAM BRANCHING | 

ACALL 

addril 

Absolute subroutine call 

2 

2 

LCALL 

addrie 

Long subroutine call 

3 

2 

RET 


Return from subroutine 

1 

2 

RETI 


Return from interrupt 

1 

2 

AJMP 

addri 1 

Absolute jump 

2 

2 

LUMP 

addrie 

Long jump 

3 

2 

SJMP 

rel 

Short jump (relative addr) 

2 

2 

JMP 

@A-hDPTR 

Jump indirect relative to the DPTR 

1 

2 

JZ 

rel 

Jump if Accumulator is zero 

2 

2 

JNZ 

rel 

Jump if Accumulator is not zero 

2 

2 

CJNE 

A.direct.rel 

Compare direct byte to Acc and jump if not 
equal 

3 

2 

CJNE 

A,#data,rel 

Compare Immediate to Acc and jump if not 
equal 

3 

2 

CJNE 

RN,#data,rel 

Compare immediate to register and jump if not 
equal 

3 

2 

CJNE 

@Ri,#data,rel 

Compare immediate to indirect and jump if not 
equal 

3 

2 

DJNZ 

Rn.rel 

Decrement register and jump if not zero 

2 

2 

DJNZ 

direct, rel 

Decrement direct byte and jump if not zero 

3 

2 

NOP 


No operation 

1 

1 
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3.0 FLASH EEPROM 

3.1 General 

• 32 kbyte electrically erasable interal 
program memory with Biock-and 
Page-Erase option ("Flash Memory"). 

• Internal fixed boot ROM. 

• Up to 32 kbyte external program memory 
in combination with the internal 
FEEPROM (ES=1). 

• Up to 64 kbyte external program memory 
if the internal program memory is 
switched off {EA=0). 

The FEEPROM can be read and written 
byte-wise. Full Erase, Block Erase, and Page 
erase will erase 32 kbyte, 256 bytes and 32 
bytes respectively. In-circuit programming 
and out-of-circuit programming is possible. 
On-chip erase and write timing generation 
and on chip high voltage generation 
contribute to a user friendly interface. 

3.2 Features 

- Read: byte-wise 

- Write: byte-wise within 2.5 ms. 

(previously erased by a 
page, block or full erase). 

- Erase: Page Erase (32 bytes) within 

5 ms. Block Erase (256 
bytes) within 5 ms. Full 
Erase (32 kbyte) within 5 
ms. Erased bytes contain 
FFH. 

- Endurance: 1 00 erase and write cycles 

each byte at Tamb = 22°C 

- Retention: 10 years 

- Out-of-circuit programming: 

Parallel programming with 
87C51 compatible hardware 
Interface to programmer. 

- In-circuit programming: 

Serial programming via 
RS232 interface under boot 
ROM program control. Auto 
baud rate selection. Intel 
Hex Object file Format. 

- The user program can call routines in the 
boot ROM for erase, write and verify of 
the FEEPROM. 

- High programming voltage generation: 
on chip 

- Zero point on-chip oscillator and timer to 
generate the write and erase time 
durations. 

- Programmable security for the code in 
the FEEPROM to prevent software 
piracy. The Security Byte is located in 


the highest address (7FFFH) of the 
FEEPROM. 

- Supply voltage monitoring circuit on-chip 
to prevent loss of Information in the 
FEEPROM during power-on and 
power-off. 

3.3 Memory map 

Figure 31 shows the memory map of the user 
program memory and the boot ROM. They 
are located in the same program address 
space. Two bits UBS1 and UBSO of the 
FEEPROM control special function register 
FMCON select between the two memory 
blocks. 

User program memory selection 
If UBS1 and UBSO are both 0, then the user 
program memory is mapped into the 64k 
program memory space and the boot ROM 
cannot be selected. This is the situation after 
a reset when PSEN and ALE have not been 
pulled down during reset. Program execution 
starts at OOOOH in the internal FEEPROM or 
in the external program memory dependent 
on the level of FA during reset. 

Boot ROM selection 

If UBS1 and UBSO are both '1' then tfie boot 
ROM is mapped into the 64k program 
memory space and the user program memory 
cannot be selected. This is the situation after 
a reset when during reset PSEN and FA are 
pulled down while ALE stay high. Program 
execution starts at OOOOH of the boot ROM. 
The boot ROM size is 1 kbyte and its address 
map is repeated after each 1 k addresses. 
Besides serial the in-circuit programming 
routines the Boot ROM contains the routines 
for erase write and verify of the FEEPROM 
which can be called by the user program 
(LJMP/LCALL to the address space between 
63k and 64k). 

Switching between user program memory 
and boot ROM 

Switching between user program memory 
(internal or external) and boot ROM is 
possible if UBS 1 and UBSO are 0,1 or 1 ,0. 
Then in the program memory address space 
between 0 and 63k the user program memory 
Is selected and in the memory space 
between 63k and 64k the boot ROM is 
selected. 

To switch from user program memory to boot 
ROM first UBSO must be set (UBS1 stay 0) 
and a jump or call instruction to a location 
>63k must be executed. At the moment of 
crossing the 63k address border by a call or 
jump instruction the switching between user 
and boot memory is performed without timing 
problems. 


To switch from boot ROM to user program 
memory the boot program will be running 
between 63k and 64k. UBS1 is set and UBSO 
is cleared and a jump or return instruction to 
a location <63k must be executed. At the 
moment of crossing the 63k address border 
by a jump or return instruction the switching 
from boot ROM to user memory (internal or 
external) is performed. After crossing the 63k 
address border UBS1 is immediately cleared 
by hardware and the total 64k memory space 
is mapped as user program memory. By 
clearing UBS1 by hardware, no special 
requirements to the user program are 
necessary to do that after a boot routine or 
erase or write routine. 

A small restriction for memory switching is 
that no memory switching is allowed from or 
to the address space between 63k and 64k of 
the user program memory because the UBS 
bits must stay 0 in this range and no 63k 
address crossing would take place. This 
restriction can be avoided if the memory 
switching is always done by a subroutine In 
the address range between 0 and 63k. 

Description 

The user program code in the FEEPROM is 
executed as in the standard 80C51 
microcontroller. Erase and write cycles in the 
FEEPROM are always performed under 
control of the boot program in the boot ROM 
in the address space between 63k and 64k. 
Address and data parameters are passed via 
DPTR and accumulator A respectively. 

During an erase or write cycle in the 
FEEPROM no other access or program 
execution in the FEEPROM is possible. All 
interrupts must be disabled when the user 
program calls a user routine in the boot ROM. 

The boot routine for serial programming takes 
care of addressing, data transfer, 
blank-check, verify, high voltage control, error 
message, interrupt disabllng/enabling and 
return to the user program memory. It also 
contains the serial communication routine. 

The FEEPROM control register FMCON is a 
special function register. It contains the 
control bits for verify, write, erase and boot 
ROM switching. 


FMCON 

(FBH) 

7 6 5 4 3 2 1 0 


UBS1 

UBSO 

HV 

i 

_1 

FCB3 

FCB2 

FCBI 

FCB( 


Note Reserved for future use; a 

write operation must write ”0" to the 
location 
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63k 


USER PROGRAM MEMORY 


X,X| = UBS1, UBSO User-Boot selection bits 


UBS1 is cleared by hardware if program is executed below the 63k border and UBS0=:0. 

In the program execution between 63k and 64k in the user program no call or jump to the BTROM 
is allowed. 


USER MODE 


BOOT MODE 


Start at OOOOH in user program 


Start at OOOOH in BTROM 


Figure 31. Program memory map and operation modes 
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UBS1 

UBSO 

User - Boot selection bits 

0 

0 

User memory mapped from 0 to 64k 

0 

1 

User memory mapped from 0 to 63k 

Boot ROM mapped from 63k to 64k 

1 

0 

User memory mapped from 0 to 63k, but UBS1 bit cleared by hardware In this user address range. 
Boot ROM mapped from 63k to 64k. 

1 

1 

Boot ROM mapped from 0 to 64k. 


HV 


High voltage indication bit. Read only. Is 1 as long as the high voltage for an erase or write opera- 
tion is present. 


FCB3 

FCB2 

FCB1 

FCBO 

Function Code Bits 

0 

0 

0 

0 

Value after reset. 

0 

1 

0 

1 

Byte Write or byte read (verify) 

1 

1 

0 

0 

Page Erase (32 byte boundaries). 

0 

0 

1 

1 

Block Erase (256 byte boundaries). 

1 

0 

1 

0 

Full Erase (32k byte). 


The four FCB bits are by write protected if the 
security feature is activated. Then only 
instructions in the internal program memory 
(FEEPROM) are able to write FCB3-0, boot 
ROM and external program memory 
instructions cannot change FCB3-0 except 
the full erase code can be loaded. 

The duration of a write or erase operation is 
determined by the FEEPROM timer. This 
timer includes a zero point RC oscillator and 
cannot be controlled by software. 

For calling a user routine in the Boot ROM 
first all interrupts must be disabled and the 
DPTR and A have to be loaded with the 
desired values. After setting UBSO = 1 and 
UBS1 =0 and selecting the function via 
FCB-bits the respective user routine will be 
called. 

The table below lists the boot ROM user 
routines, which can be called by the user 


program. The content of FMCON, A and 
DPTR before calling is by (IN) and by (OUT) 
after described return. The boot ROM user 
routines do not change other registers or 
Data memory. 

X = don’t care or not defined 
V = verified byte (read back) 

1 ) = 5 LSB’s of DPTR are don’t care 

2) = 5 LSB’s of DPTR are ”0” 

3) = 8 LSB’s of DPTR are don’t care 

4) = 8 LSB’s of DPTR contain 08H. 

Example of user software (internal or 
external) that calls the Page Erase routine in 
the boot-ROM to erase a page in the 
FEEPROM (32 bytes) starting at address 
location 1260H. 

CLR EA ; Disable all interrupts 

MOV DPTR, # 1260H ; Load page-address 

MOV FMCON, # 4CH ; Load Page-Erase 
code 


LCALL OFFAAH ; Call Page-Erase 
routine 

: in boot-ROM (5 ms) 
SETB EA ; Enable interrupts again 

Example of user software (internal or 
external) that calls the Byte-Write routine in 
the boot-ROM to write the content of R5 into 
the FEEPROM address location 1263H. 


CLK EA ; Disable all interrupts 

MOV DPTR, # 1 263H ; Load byte address 

MOV A, R5 ; Load byte to be 

written 


MOV FMCON, # 45H ; Load byte-write code 
LCALL OFFADH ; Call byte-write 

routine 

: in boot-ROM (2.5 ms) 
SETB EA : Enable interrupts again 

XRL A. R5 : Compare the 

"read-back” byte 

JNZ ; Jump if verify error 


BOOT-ROM ROU- 

CALL 

FMCON 

FMCON 

A 

A 

DPTR 

DPTR 

TINE 

ADDRESS 

(IN) 

(OUT) 

(IN) 

(OUT) 

(IN) 

(OUT) 

BYTE_READ 


45H 

15H 

XXH 

BYTE 

BYTE ADDRESS 

BYTE ADDRESS 

BYTE_WRITE 


45H 

15H 

BYTE 

BYTEW 

BYTE ADDRESS 

BYTE ADDRESS 

PAGE_ERASE 

FFAAH 

46H 

16H 

XXH 

wmm 

PAGE ADDRESS 

PAGE ADDRESS 2) 

BLOCK_ERASE 

FFA5H 

43H 

13H 

XCXH 

mm 

BLOCK ADDRESS 3) 

BLOCK ADDRESS 

FULL_ERASE 

FFAOH 

4AH 

1AH 

XXH 

OAH 

XXXXH 

001 8H 
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3.4 Security 

The security feature protects against software 
piracy and prevents that the content of the 
FEEPROM can be read undesirable. The 
Security Byte is located in the highest 
address location 7FFFH of the FEEPROM 
and is the same as ail other bytes of the 
FEEPROM. 

The Security Byte should be 01010000B to 
activate and OOH or FFH to activate the 
security feature. This security code is chosen 
in such a way that single bit failures will not 
change the security mode. 

If the security feature is deactivated, then 
there are no access restrictions to the 
FEEPROM. 

If the security feature is activated, then the 
external program memory has no access to 
the FEEPROM with the MOVC instructions. 
Also bits FCB3-0 of FMCON cannot be 
written by external program code or boot 
ROM code. This prevents in-circuit 
programming and verification. Only the Full 
Erase code can be written to FCBO-3 of 
FMCON. At the end of a full erase operation 
the security feature is deactivated. Also 
parallel programming and verify is inhibited if 
the security feature is activated, only a full 


erase is possible. Note that the security mode 
does not change Immediately when the 
security code is written into the security byte 
7FFFH, but after a reset or power-on. This 
allows the verification of the loaded code in 
the FEEPROM, including the Security Byte. 

3.5 Parallel programming 

Unlike standard EPROM programming, no 
high programming supply voltage must be 
applied to the HA pin and only one 
programming pulse must be applied to the 
ALE/WH pin. The parallel programming 
mode is entered with the steady signals 
RST=1 . PSEN=0. HA=1 and SELTAL1 = 1 . 
The XTAL1 , 2 clock must have a frequency 
between 4 and 6MHz. The following table 
shows the logic levels for programming, 
erasing, verifying and read signature. 


MODE ALE/WE P2.7 P2.6 P3.7 P3.6 


Full erase 

Program 

FEEPROM 

Verlfiy 

FEEPROM 

Read 

signature 



1 0 
1 0 


1 0 1 
0 1 1 
0 1 1 
0 0 0 


ALE/WH Write Enable signal 

(program/erase), active low 
P2.6. P2.7. P3.6, P3.7 

output enable signal for 
verify/read modes, active low 

Data and address bits: 

P0.0-P0.7: DO - D7 Program data input/ 
verify or read data 
output 

PI. 0-PI. :A0-A7 Input low order address 
bits. 

P2.0-P2.5, P3.4 ; A8 - A1 4 Input high order 
address bits. 

The 89CE558 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
These bytes are read by the same procedure 
as for a normal verification of locations 30H 
and 31 H, except that P3.6 and P3.7 need to 
be pulled to LOW. 


ADDRESS 

CONTENT 

MEANING 

30H 

15H 

Philips 

31 H 

B5H 

89CE558 


The 89CE558 has a Security Byte in location 
7FFFH (the highest address) of the 
FEEPROM, which should be programmed to 
01010000B to activate the security feature. 


+5V 



DON’T CARE 
1 

Sms LOW PULSE 
0 
1 
1 

DON'T CARE 
DON'T CARE 
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Figure 33. Programming Configuration 



Figure 34. Program Verification 


FEEPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 

Tarnb = -40°C to -h85''C. Vqd = 5V±10%, Vss = ov (See Figure 35) 



856 













Philips Semiconductors Products 


Product specification 


Single-chip 8-bit microcontroller 


80CE558/83CE558/89CE558 



FOR VERIFY CONDITIONS SEE FIGURE 34. 

Figure 35. FEEPROM Programming/Erase and Verification Waveforms 


3.6 Serial programming of 
FEEPROM 

Serial in-circuit programming (boot-mode) is 
entered if during and after RESET PSEN and 
EA are pulled down, PSEN via a resistor of 2 
kOhm to VSS. The two UBS bits are set to 1 
by hardware and program execution starts at 
OOOOH of the boot ROM. P3.0 (RXD) and 
P3.1 (TXD) form the serial RS232 interface. 

A baud rate of 4800 or 9600 Baud is possible 
after reset (|lC clock Is 11.01 MHz) If the PLL 
oscillator Is selected. The receive and 
transmit channel have the same baudrate. 
The boot routine Inputs the Intel Hex Object 
Format. The baud rate will be selected 
automatically after reception of the first 
character (:) of the object file. No other 
characters are allowed to proceed the first (:) 
character. Programming is only started if the 
first received record has the right type 
indication (TT). If the security feature is 
activated then the programming starts with a 
Full Erase, otherwise only the addressed 
page(s) will be erased and the not alterated 
bytes are rewritten. During the erase or write 
operation the next string of bytes can be 
received. Xon and Xoff handshake codes are 
used to control the serial transfer. At the end 


of the programming a message that indicates 
a successful or not successful programming, 
will be returned over the RS232 interface 
channel. If the programming was successful 
then the user program can be started up at 
OOOOH in FEEPROM by a reset for user 
mode (EA = high, PSEN not affected). If the 
programming was not successful the boot 
program halts and a retry can be started by a 
reset for the boot mode. 

3.6 Boot Routine 

The boot routine transmits the next "one 
ASCII character" messages via the RS232 
interface: 

” . " After each record type TT = OOH 
indication in the HEX file. 

” X " Checksum error of a record in the HEX 
file detected. 

” Y ” Wrong record type received 

" Z " Buffer overflow error (Check Xon/Xoff 
of terminal) 

” R ” Verification error (of last written byte) 

" V ” End record received and programming 
of FEEPROM was successful 


No messages are transmitted if the baud rate 
of the first character (:) can not be detected. 
The boot routine can also be started by the 
internal or external user program (LUMP 
FC07H). FMCON must be loaded previously 
with 40 H. Interrupt registers, stack pointer. 
Timer 0, UART, P3.0 and P3.1 must be in the 
reset state. EA and PSER must not be 
affected. A reset is needed to restart the user 
program after programming. 

The next baudrates will be detected 
automatically within the specified |i.C clock 
range In MHz. 


Baudrate 

fcLK (min) 

fcLK (maic) 

1200 

1 1) 

3.6 

2400 

21) 

7.3 

4800 

4 

19.7^1) 

9600 

7.9 

29.5 1) 

19200 

15.7 

59 


Note value outside the specifed 


clock range 

Note that the boot routines can (re) program 
any number of bytes from 1 byte to 32k 
bytes, independent in which order or at which 
location. 
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ALL OTHER 
RNS ARE 
DON’T 
CARE 



Vdd 

EA 


89CE558 

P3.0/RXD 

RST 


P3.1/TxD 

SELTALl 



XTAL3 


ALE 

1) 

XTAL4 


P5ER 


Vss 

EA 


output of ALE pulses 


1) Alternative XTALI, 2 may be selected (SELTALl = 1) 


Figure 36. Serial programming (boot mode) Configuration 

NOTE: In the following, each letter corresponds to one hexadecimal digit in ASCII representation (the digits 0 through 9, and the letters A 
through F). 


Load address In hexadecimal CC 
of first data byte in this record. 

Record type. The record type 
is 00 for data records and 01 
for the end record. 

One hexadecimal data byte. 


: - Record start character AAA A - Load address In hexadecimal CC - Record checksum. This Is the 

o * ^ * Tu u -j • 1 of first data byte in this record. 2’s complement of the 

BC - Byte Count. The hexadecimal ^ y. 

number of data bytes in the summation o all of the bytes 

record. This may theoretioally TT - Record type. The record type in the r^rd from the byte 

be any number from 0 to 255 is 00 for data records and 01 count Juough the last data 

prefertodealwithlSdata for the end record. b)rte. While the summabon is 

bytes per record (as shown in ^culat^, it is alwp 

the example below). HH - One hexadecimal data byte. f^^i T 

Thus, if all of the bytes m the 

record are summed, including 
the checksum Itself, the result 
will always be CX) if the record 
is valid. 

Construction of data records (using the notation defined above) is as follows; 

:: BCAAAATTHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHCC 
;; BCAAATTHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHCC 

The last record in a file is the end record and contains no data. Usually the end record will appear as shown in the first example below. However, 
in some cases a 16 bit checksum of all of the data bytes in the entire file may be inserted in the address field of the end record. This checksum 
would correspond to one generated by an EPROM programmer during file load, and its inclusion does not violate the rules for this format. This is 
shown in the second example. 

:00000001FF 

:00B12C0122 

Successive hex records need not appear in sequential address order . For instance, a record for address 0000 might appear after a record for 
address 7FE0. All of the bytes in a single record, however, must be in sequence. Any characters that appear outside of a record (i.e. after a 
checksum, but before the next should be ignored, if present. 

An example of a valid hex file follows; 

:1 001 0000C2F0E53030E704F404D2F08531 F030F786 
;1O011OO0O763F0FF05FOB2F0A430FO0A63F0FFF4DB 
:OC0120002401500205F085F032F5332276 
:00000001FF 
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4.0 LIMITING VALUES 
ABSOLUTE MAXIMUM RATINGS^ ^ ^ 


PARAMETER 

RATING 

UNIT 

Storage temperature range 

-65 to +150 

^C 

Voltage on Vqd to Vss 

-0.5 to +6.5 

V 

Voltage on any other pin to Vss 

-0.5 to Vdd + 0.5 

V 

Power dissipation (based on package heat transfer limitations, not device power 
consumption) 

1.0 

w 


NOTES: 


1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions otfier than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2.This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions are taken to avoid applying greater than the rated maxima. 

S.Parameters are valid over operating temperature range unless otiienwise specified. Ail voltages are with respect to Vss unless otherwise 
noted. 
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5.0 DC CHARACTERISTICS 
DC ELECTRICAL CHARACTERISTICS 

Vdd = 5V (± 10%). Vss = OV. Tamb = O^C to +70°C (8xCE558EBx). All voltages with respect to Vss unless otherwise specified. 




TEST 

UMITS 



PARAMETER 

CONDITIONS 

MiN 

MAX 

UNIT 


Supply voltage 


4.5 

5.5 

V 


Supply current operating : 

See notes 1 and 2 





89CE558 

fcLK = 16MHz 


50 

mA 


83CE558 

Vdd = 5.5 V 


40 

mA 

ho 

Idle mode : 

See notes 1 and 3 





89CE558 

fcLK = 16MHz 


10 

mA 


83CE558 

Vdd = 5.5 V 


8 

mA 

IpD 

Power-down current 

See note 4 





2V < VpD < VoDmax 


100 

IIA 

1 Inputs 1 

Dl^^l 

Input LOW voltage, except EA, SCL, SDA 


-0.5 

0.2Vdd-0.1 

V 

DIBIIIIIIIIII^ 

Input LOW voltage to EA 


-0.5 


V 

V|L2 

Input LOW voltage to SCL, SDA ^ 


-0.5 

0.3Vdd 

V 

V,H 

Input HIGH voltage, except XTAL1, RST, SCL, SDA 


0.2Vdd+0.9 

Vdd+0.5 

V 

V|H1 

Input HIGH voltage. XTALI, RST 


0.7Vdd 

Vdd+0-5 

V 

V|H2 

Input HIGH voltage. SCL, SDA ^ 


0.7Vdd 

6.0 

V 

l|L 

Input current LOW level. Ports 0, 1 , 2, 3, 4 



-50 


IjL 

Transition current HIGH to LOW, Ports 0, 1 , 2, 3, 4 

See note 6 


-650 


±I|L1 

Input leakage current. Port 0, EA, ADEXS, EW 



10 


±1|L2 

Input leakage current, SCL, SDA 



10 

pA 

±I|L3 

Input leakage current. Port 5 

0.45V <V,< Vdd 


1 

pA 

1 Outputs 1 

VoL 

Output low voltage, Ports 1 , 2, 3, 4 

Iql = 1 .6mA 


0.45 

V I 

VoLI 

Output low voltage. Port 0, ALE. PEER, PWMO, 

PWMi 

loL = 3.2mA 7.17 


0.45 

H 

VoL 2 

Output low voltage, SCL, SDA 

loL = 3.0mA 7.17 


0.4 

V 

VoH 

Output high voltage. Ports 1. 2, 3, 4 

Vdd-5V±10% 

-loH = eopA 

2.4 


V 



-loH = 25|iA 

0.75Vdd 


V 



-loH = lOpA 

0.9Vdd 


V 

VoHI 

Output high voltage (Port 0 in external bus mode, ALE, 
PSe^, RST, PWMO. PWMT) s 

Vdd=5V±10% 

-Iqh = 800jlA 

2.4 


V 



-Iqh = 300|JA 

0.75Vdd 


V 



-•oh = 80|iA 

0.9Vdd 


V 

Rrst 

Internal reset pull-down resistor 


50 

150 

kQ 

C|0 

Pin capacitance 

Test freq = 1 MHz, 


10 

pF 



Tamb = 25 C 
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DC ELECTRICAL CHARACTERISTICS (Continued) 

Vdd = 5V (± 10%), Vss = OV, Tamb = -40°C to +85®C {8xCE558EFx). DC parameters not included here are the same as in the 8xCE558EBB, 
DC electrical characteristics 

All voltages with respect to Vss unless otherwise specified. 


SYMBOL 

PARAMETER 


UMITS 

UNIT 

MIN 

MAX 

Inputs 1 

ViL 

Input LOW voltage, except EA, SCL, SDA 


-0.5 

0.2Vdd-0.15 

V 

ViLI 

Input LOW voltage to EA 


-0.5 

0.2Vdd-0.35 

V 

V|H 

Input HIGH voltage, except XTAL1 , RST, SCL, SDA 


0.2Vdd+1-0 

Vdd+0.5 

V 

V|H1 

Input HIGH voltage. XTALI, RST 


0.7Vdd+0.1 

Vdd+0.5 

V 

— 

i|L 

Input current LOW level, Ports 1 , 2, 3, 4 

V|N = 0.45V 


-75 

MA 

Itl 

Transition current HIGH to LOW, Ports 1, 2. 3, 4 

See note 6 


-750 

ma 


DC ELECTRICAL CHARACTERISTICS ANALOG 

AVdd = 5V {± 10%). AVss - OV. Tamb = O^C to +70°C (8xCE558EBx). 
AVdd = 5V (± 10%). AVss = OV. Tamb = -40''C to -r85°C (8xCE558EFx). 
All voltages with respect to Vss unless otherwise specified. 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

UMITS 

UNIT 

MIN 

MAX 

AVdd 

Analog supply voltage 

AVdd = Vdd ± 0.2V 

4.5 

5.5 

V 

AIdd 

Analog supply current 

Port 5 = 0 to AVdd 
see note 19 


1.2 

mA 

AIid 

Idle mode 

see note 18 


50 

HA 

AIpD 

Power-down mode 

2V < AVpD < AVdd 
see note 1 8 


50 

HA 

Analog Inputs | 

AV,n 

Analog input voltage 


AVss-0.2 

AVdd+0.2 

V 

AVref 

Reference voltage; 

AVref- 

AVref. 


AVss-0.2 

AVdd+0.2 

V 

V 

Rref 

Resistance between AVref+ and AVref- 


10 

50 

kOl 

C|A 

Analog input capacitance 



15 

PF 

DLe 

Differential non-linearity 



±1 

LSB 

lU 

Integral non-linearity 



±2 

LSB 

OSe 

Offset error®- 



±2 

LSB 

Ge 

Gain error ®’ 



±0,4 

% 

Ae 

Absolute voltage error®* 



±3 

LSB 

Mere 

Channel to channel matching 



±1 

LSB 

Ct 

Crosstalk between inputs of port 5 

O-IOOkHz 


-60 

dB 
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NOTES FOR DC ELECTRICAL CHARACTERISTICS: 

1 .See Figures 37 and 39 through 41 for Idd test conditions. 

2. The operating supply current is measured with all output pins disconnected; 

XTAL1 driven with tr = = 5ns; V|l = Vgs + 0.5V; V|h = Vdd - 0.5V; XTAL2 not connected; 

EA = RST = Port 0 = EW = SCL = SDA = Vdd: ADEXS = Vss- 

3. The idle mode supply current is measured with all output pins disconnected; 

XTAL1 driven with tr = tf = 5ns; V|l = Vss + 0.5V; Vih = Vdd - 0.5V; XTAL2 not connected; 

Port 0 = EW = SCL = SDA = SELXTAL 1 = Vdd: EA = RST = ADEXS = Vss- 

4. The power-down current is meas ured with all output pins disconnected; 

XTAL2 not connected; Port 0 = EW = SCL = SDA = SELXTAL 1 = Vdd: EA = RST = ADEXS = XTAL1 = Vss- 

5. The input threshold voltage of SCL and SDA (SI01) meets the I^C specification, so an input voltage below 0.3 Vdd will be recognized as a 

logic 0 while an input voltage above 0.7 Vdd will be recognized as a logic 1 . 
e.Pins of ports 1 . 2, 3, and 4 source a transition current when they are being externally driven from HIGH to LOW. The transition current reaches 
its maximum value when Vim is approximately 2V. 

7.Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the Vql of ALE and ports 1 , 3 and 4. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-O transitions during bus operations. In the 
worst cases (capacitive loading > lOOpF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 

S.Capacitive loading on ports 0 and 2 may cause the Vqh on ALE and PSEN to momentarily fall below the 0.9 Vdd specification when the 
address bits are stabilizing. 

9. Conditions: AVref. = OV; AVdd = 5.0V, AVref+ = 5.1 2V. Vdd = 5.0V, Vss = OV, ADC is monotonic with no missing codes. Measurement by 

continuous conversion of AV|n = -20mV to 5.12V in steps of 0.5mV, derivating parameters from collected conversion results of ADC. ADC 
prescaler programmed according to the actual oscillator frequency, resulting in a conversion time within the specified range for tconv (15Lls ... 
50pis). 

10. The differential non-linearity (DLe) is the difference between the actual step width and the ideal step width. 

11 . The ADC is monotonic; there are no missing codes. 

1 2. The integral non-linearity (ILg) Is the peak difference between the center of the steps of the actual and the ideal transfer curve after 
appropriate adjustment of gain and offset error. 

13. The offset error (OSe) is the absolute difference between the straight line which fits the actual transfer curve (after removing gain error), and 
a straight line which fits the ideal transfer curve. The offset error Is constant at every point of the actual transfer curve. 

1 4. The gain error (Ge) is the relative difference in percent between the straight line fitting the actual transfer curve (after removing offset error), 
and the straight line which fits the ideal transfer curve. Gain error is constant at every point on the transfer curve. 

1 5. The absolute voltage error (Ae) is the maximum difference between the center of the steps of the actual transfer curve of the non-calibrated 
ADC and the Ideal transfer curve. 

1 6. This should be considered when both analog and digital signals are simultaneously input to port 5. 

1 7. Under steady state (non-transient) conditions, Iql must be externally limited as follows: 

Maximum Iql per port pin; 10 mA 
Maximum Iql 8-bit port - 
Port 0 : 26 mA 
Ports 1, 2, 3 and 4 ; 15 mA 
Maximum total Iql for all output pins ; 86 mA 

If Iql exceeds the test conditions, Vql may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 

18. AIid is measured with SELXTAL1 = Vdd- 

19. AI|d and AIrd are measured with the 32 kHz oscillator being halted, XTAL3 not connected and XTAL4 = Vss- 
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h H 



AVmCLSBm...) 

Offset 




error 

OS. 

J 

H 1 - - 



1 

1 uOD » 

1024 

(1) Example of an actual transfer curve. 

(2) The ideal transfer curve. 

(3) Differential non-linearity (DLJ. 

(4) Integral non-linearity (IL.). 

(5) Center of a step of the actual transfer curve. 




Figure 38. 

ADC Conversion Characteristic 
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6.0 AC CHARACTERISTICS 
AC ELECTRICAL CHARACTERISTICS 

Vqd= 5V ± 10% (EBx), Vss = OV, Tclcl fTiin = 1/fmax (maximum operating frequency) 

Vdd= 5V ± 10% (EFx), Vss = OV, Tclcl min = 1/fmax (maximum operating frequency) 

Tamb = 0®C to +70°C, Tclcl min = 63 ns for 8xCE558EBx 
Tamb = -40°C to +85°C.Tclcl min = 63 ns for 8xCE558EFx 

Cl = 100 pF for Port 0, ALE and PSeN ; Cl = 80 pF for all other outputs unless othenwise specified. 


SYMBOL 

FIGURE 

PARAMETER 



VARIABLE CLOCK 

UNIT 

MIN 

MAX 

MIN 


HDEHI 


VfCLCL 

42 

Oscillator 






16 

MHz 

tLHLL 

42 

ALE pulse width 



85 


iKguBgi 


ns 

UVLL 

42 

Address valid to ALE LOW 



8 




ns 

tLLAX 

42 

Address hold after ALE LOW 



28 




ns 

tlLIV 

42 

ALE LOW to valid instruction in 


234 


150 


^tcLCL-lOO 

ns 

^LLPL 

42 

ALE LOW to P5ER LOW 

mm 


23 


tCLCL-40 


ns 

tpLPH 

42 

PSeN pulse width 



143 


3tcLCL-45 


ns 

tpLIV 

42 

PSeN low to valid instruction in 


145 


83 


3tcLCL-105 

ns 

tpxix 

42 

Input Instruction hold after PsEN 

0 


0 


0 


ns 

tpxiz 

42 

Input Instruction float after PSEN 


59 


38 


tcLCL-25 

ns 

Uviv 

42 

Address to valid instruction in 


312 


208 


5tcLCL-105 

ns 

tpLAZ 

42 

PSEN LOW to address float 


10 


10 



10 

ns 

Data Memory | 

tLLAX 

43,44 

Address valid to ALE LOW 

28 


8 


tCLCL-55 


ns 

tRLRH 

43 

FlU pulse width 





SfCLCL'IOO 


ns 

tWLWH 

44 

Wn pulse width 

mm 




6tcLCL"100 


ns 

tRLDV 

43 

F{0 LOW to valid data In 




148 


StcLCL-ISS 

ns 

tRHDX 

43 

Data hold after HD 

0 


0 


0 


ns 

tRHDZ 

43 

Data float after RD 


97 


55 


2tcLCL-70 

ns 

tLLDV 

43 

ALE LOW to valid data in 


517 


350 


8tcLCL-150 

ns 

tAVDV 

43 

Address to valid data in 


585 


398 



ns 

tLLWL 

43.44 

ALE LOW to m or WR LOW 

200 

300 

90^1 

238 



ns 

tAVWL 

43, 44 

Address valid to WR LOW or RD LOW 

203 






ns 

tQVWX 

44 

Data valid to WR transition 

23 


3 


tcLCL-60 


ns 

tow 

44 

Data before WR 

433 


288 


7tCLCL-150 


ns 

fWHQX 

44 

Data hold after WR 



13 


tCLCL-50 


ns 

tpLAZ 

43 

RD low to address float 


0 


0 


0 

ns 


43,44 

RD or WR HIGH to ALE HIGH 

43 


23 

103 

tcLCL-40 


ns 

UART Timing - Shift Register Mode (Test Conditions: Tamb = 0°C to +70°C; Vss = OV; Load Capacitance = 80pF) 

^XLXL 

46 

Serial port clock cycle time 

1.0 


^93 


■•2tcLCL 


ITS 

tQVXH 

46 

Output data setup to clock rising edge 

700 




lOtcLCL-ISS 


ns 

0^9111111111 

46 

Output data hold after clock rising edge 

50 


8 


2tCLCL-117 


ns 

tXHDX 

46 

Input data hold after clock rising edge 

0 


0 


0 


ns 

fXHDV 

46 

Clock rising edge to input data valid 




492 


lOfCLCL-ISS 

ns 
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80CE558/83CE558/89CE558 


AC ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL 

PARAMETER 

Standard-mode 

l2C-bus 

UNIT 

MIN 1 MAX 

PC interface timing (refer to Figure 45) 

iscL 

SCL clock frequency 

0 

100 

kHz 

teuF 

Bus free time between a STOP and START condition 

4.7 

- 

Lis 

LiD; STA 

Hold time (repeated) START condition. After this period, the first clock 
pulse is generated 

4.0 

- 

LIS 

Low 

LOW period of the SCL dock 

4.7 

- 

LIS 

tHIGH 

High period of the SCL clock 

4.0 

- 

LIS 

tsU; STA 

Set-up time for a repeated START condition 

4.7 

- 

LIS 

Ld; DAT 

Data hold time 



LIS 

LD; DATI.2.3 

Data set-up time 

250 

- 

ns 

tRD, tRC 

Rise time of both SDA and SCL signals 

- 

1000 

ns 

tpD. fpC 

Fall time of both SDA and SCL signals 

- 

300 

ns 

fsu: STO 

Set-up time for STOP condition 

4.0 

- 

Lis 

Cb 

Capacitive load for each bus line 

- 

400 

pF 


All values referred to V|h and V|l max levels. 

NOTES: 

1 .A device must internally provide a hold time of at least 300 ns from the SDA signal (referred to the Vm min of the SCL signal) in order to bridge the 
undefined region of the falling edge of SCL 

For 62ns < tcLCL < 570ns, 16MHz > f clk > 3.5MHz) the SI01 interface meets concerning AC parameters the I^C-bus specification for bit-rates 
up to 100 kbit/s. 
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P2.0-P2.7 OR A8-A15 FROM DPR 


A8-A15 FROM PCH 


Figure 43. External Data Memory Read Cycle 
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Figure 45. Timing SI01 (1%) Interface 


INSTRUCTION | o | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 


OUTPUT DATA 


WRITE TO SBUF 


CLEAR Rl 


[«- <XLXL — ^ 


r 



p“fXHQX 

*QVXH * 

\ ° 

X_ j ^ 


^tXHDV , 1 ~H 1 

1 ' 


*XHDX 


X^XTDCEDC^)CE7 


Figure 46. UART waveforms in Shift Register Mode 


SETTI 


SETRI 


868 









Philips Semiconductors Products 


Product specification 


Single-chip 8-bit microcontroller 


80CE558/83CE558/89CE558 


ONE MACHNE CYCLE 


ONE MACHINE CYCLE 


SI S2 S3 S4 S5 S6 SI S2 S3 S4 S5 I S6 
PI P2 PI P2 PI P2 PI P2 PI P2 PI P2 Pi P2 Pi P2 Pi P2 Pi P2 Pi P2 


f -f 

dotted lines I I 

are valid when HD < I 



only active 
during a read 
from external 
data memory 

only active 
during a read 
from external 
data memory 


read or 
write of 
external data 
memory 


ADDRESS A8-A15 I ADDRESS A8-A15 I ADDRESS A8-A1 5 i ADDRESS A^-A1 5 


(PortO) — ^srHssr7*H 


PORT I 

OUTPUT 


ADDRESS A8-A1S ADDRESS AS-AlS OR PORT2 OUT ADDRESS AS-AlS 



PORT I I I 1 

•nput I I L 

I SAMPLING TIME OF I/O PORT PINS DURING INPUT (INCLUDING INTD AND TRTT) 


Figure 47. Instruction cycle timing 



Purchase of Philips’ PC components conveys a license under the 

Philips’ I^C patent to use the components in the I ^C-system 

provided the system conforms to the 1 specifications defined by Philips. 
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Philips Semiconductors Microcontroller Products Product specification 

Single-chip 8-bit microcontroller 80C562/83C562 

Single-chip 8-bit microcontroller with 8-bit A/D, capture/compare timer, high-speed outputs, PWM 


DESCRIPTION 

The 80C562/83C562 (hereafter generically 
referred to as 8XC562) Single-Chip 8-Bit 
Microcontroller is manufactured in an 
advanced CMOS process and is a derivative 
of the 80C51 microcontroller family. The 
83C562/83C562 has the same instruction set 
as the80C51. 

The 8XC562 contains a non-volatile 256 x 8 
read-only program memory, a volatile 256 x 8 
read/write data memory (83C562) (the 
80C562 is ROMIess), a volatile 256 x 8 
read/write data memory, six 8-bit I/O ports, 
two 16-bit timer/event counters (identical to 
the timers of the 80C51), an additional 16-bit 
timer coupled to capture and compare 
latches, a 15-source, two-priority-level, 
nested interrupt structure, an 8-input ADC. 
two pulse width modulated outputs, standard 
80C51 UART, a “watchdog” timer and on-chip 
oscillator and timing circuits. For systems that 
require extra capability, the 83C562 can be 
expanded using standard TTL compatible 
memories and logic. 

The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 1 00 
instructions; 49 one-byte, 45 two-byte and 17 
three-byte. With a 1 2MHz crystal, 58% of the 
instructions are executed in Ips and 40% in 
2}j.s. Multiply and divide instructions require 
4ps. 



FEATURES 

• 80C51 instruction set 

• 8k X 8 ROM expandable externally to 
64k bytes 

• 256 X 8 RAM. expandable externally to 
64k bytes 

• Two standard 16-bit timer/counters 

• An additional 1 6-bit timer/counter coupled 
to four capture registers and three compare 
registers 

• Capable of producing eight synchronized, 
timed outputs 

• An 8-bit ADC with eight multiplexed analog 
inputs 

• Two 8-bit resolution, pulse width modulated 
outputs 

• Five 8-bit I/O ports plus one 8-bit input port 
shared with analog inputs 

• Full-duplex UART compatible with the 
standard 80C51 

• On-chip watchdog timer 

• Three temperature ranges 

- 0 to +70°C 
40 to -h85°C 

- -40to-(-125°C 


PIN CONFIGURATION 




H rn 


L 




r ° 





Qo 







PLASTIC 





LEADED CHIP 





CARRIER 











lE! 



Pin 

Function 

Pin 

Function 

1 

P5.0/ADC0 

35 

XTAL1 

2 

V, 


36 

V 


3 

STADC 

37 

V 


4 

PWMO 

38 

NC 

5 

PWMI 

39 

P2.0/A08 

6 

OV 

40 

P2.1/A09 

7 

P4.0/CMSR0 

41 

P2.2/A10 

8 

P4.1/CMRS1 

42 

P2.3/A11 

9 

P4.2CMSR2 

43 

P2.4/A12 

10 

P4.3/CMSR3 

44 

P2.5/A13 

11 

P4.4/CMSR4 

45 

P2.6/A14 

12 

P4.5/CMSR5 

46 

P2.7/A15 

13 

P4.6/CMT0 

47 

P5ER 

14 

P4.7/CMT1 

48 

ALE 

15 

RST 

49 


16 

P1.0/CT01 

50 

P0.7/AD7 

17 

P 

.1/CT1I 

51 

P0.6/AD6 

18 

P1.2/CT2I 

52 

P0.5/AD5 

19 

P1.3/CT3I 

53 

P0,4/AD4 

20 

PI. 4772 

54 

P0.3/AD3 

21 

P1.5/RT2 

55 

P0.2/AD2 

22 

PI. 6 

56 

P0.1/AD1 

23 

PI ,7 

57 

PO.O/ADO 

24 

P3.0/RxD 

58 

AVref- 

25 

P3.1TXD 

59 

AVref+ 

26 

P3.2/INT0 

60 

A1 


27 

P3.3/INTT 

61 

AVoo 

28 

P3.4/T0 

62 

P5.7/ADC7 

29 

P3.57ri 

63 

P5.6/ADC6 

30 

P3.6A?VH 

64 

P5.5/ADC5 

31 

P3.7/nD 

65 

P5.4/ADC4 

32 

NC 

66 

P5.3/ADC3 

33 

NC 

67 

P5.2/AIXJ2 

34 

XTAL2 

68 

P5.1/ADC1 
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ORDERING INFORMATION 


PHILIPS PART 
ORDER NUMBER 
PART MARKING 


PCB80C562- PCB83C562- 
16WP 16WP/XXX 


PHILIPS NORTH AMERICA 
PART ORDER NUMBER 


Drawing 

Number 


Drawing 

Number 


S80C562-4A68 S83C562-4A68 SOT188 S87C552-4A682 0398E 


S87C552-4K682 1473A 



S83C562-2A68 

son 88 




S87C552-5K682 


PCA80C562- PCA83C562- S80C562-6A68 S83C562-6A68 SOT188 

12WP 12WP/XXX 

NOTES: 

1 . 80C562 and 83C562 frequency range is 1 .2MHz-1 2MHz or 1 .2MHz-16MHz. 

2. 87C552 frequency range is 3.5MHz-16MHz. For full specification, see the 87C552 data sheets. 

3. XXX denotes the ROM code number. 



TEMPERATURE 
RANGE °C 

AND PACKAGE 


0 to +70, Plastic 
Leaded Chip Carrier 


0 to +70, Plastic 
Leaded Chip Carrier 
w/Window 


-40 to +85, Plastic 
Leaded Chip 
Carrier 

-40 to +85, Plastic 
Leaded Chip Carrier 
w/Window 


-40 to +125, Plastic 
Leaded Chip Carrier 


LOGIC SYMBOL 
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BLOCK DIAGRAM 



ro1 ALTERNATE FUNCTION OF PORT 0 CEI ALTERNATE FUNCTION OF PORT 3 

rn ALTERNATE FUNCTION OF PORT 1 H ALTERNATE FUNCTION OF PORT 4 

ALTERNATE FUNCTION OF PORT 2 CLI ALTERNATE FUNCTION OF PORT 5 
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Single-chip 8-bit microcontroller 80C562/83C562 

PIN DESCRIPTION 


MNEMONIC 

PIN NO. 

TYPE 

NAME AND FUNCTION 

Vdd 

2 

1 

Digital Power Supply: +5V power supply pin during normal operation, idle and power-down mode. 

STADC 

3 

1 

Start ADC Operation: Input starting analog to digital conversion (ADC operation can also be started 
by software). 

PWMO 

4 

O 

Pulse Width Modulation: Output 0. 

PWMi 

5 

O 

Pulse Width Modulation: Output 1 . 

EW 

6 

1 

Enable Watchdog Timer: Enable for T3 watchdog timer and disable power-down mode. 

P0.0-P0.7 

57-50 

I/O 

1 

Port 0: Port 0 is an 8-bit open-drain bidirectional I/O port. Port 0 pins that have 1 s written to them float 
and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order address and data 
bus during accesses to external program and data memory. In this application it uses strong internal 
pull-ups when emitting Is. 

P1.0-P1.7 

16-23 

I/O 

Port 1 : 8-bit I/O port. Alternate functions include: 


16-23 

I/O 

(PI .0-PI .7): Quasi-bldirectional port pins. 


16-19 

I/O 

CT0I-CT3I (P1.0-P1.3): Capture timer input signals for timer T2. 


20 

1 

T2 (PI .4): T2 event input 


21 

1 

RT2 (PI .5): T2 timer reset signal. Rising edge triggered. 

P2.0-P2.7 

39-46 

I/O 

Port 2: 8-bit quasi-bidirectional I/O port. 

Alternate function: High-order address byte for external memory (A08-A15). 

P3.a-P3.7 

24-31 

I/O 

Port 3: 8-bit quasi-bidirectional I/O port. Alternate functions include: 


24 


RxD(P3.0): Serial input port. 


25 


TxD (P3.1): Serial output port. 


26 


INT0(P3.2): External interrupt. 


27 


INTT (P3.3): External interrupt. 


28 


TO (P3.4): Timer 0 external input. 


29 


T1 (P3.5): Timer 1 external input. 


30 


WR (P3.6): External data memory write strobe. 


31 


RD (P3.7): External data memory read strobe. 

P4.0-P4.7 

7-14 

I/O 

Port 4: 8-bit quasi-bidirectional I/O port. Alternate functions include: 


7-12 

o 

CMSR0-CMSR5 (P4.0-P4.5): Timer T2 compare and set/reset outputs on a match with timer T2. 


13. 14 

o 

CMTO, CMT1 (P4.6, P4.7): Timer T2 compare and toggle outputs on a match with timer T2. 

P5.a-P5.7 

68-62, 

1 

Port 5: 8-bit input port. 


1 


ADC0-ADC7 (P5.0-P5.7): Alternate function: Eight input channels to ADC. 

RST 

15 

I/O 

Reset: Input to reset the 87C552. It also provides a reset pulse as output when timer T3 overflows. 

XTAL1 

35 

1 

Crystal Input 1 : Input to the inverting amplifier that forms the oscillator, and input to the internal clock 
generator. Receives the external clock signal when an external oscillator is used. 

XTAL2 

34 

o 

Crystal Input 2: Output of the inverting amplifier that forms the osdilator. Left open-circuit when an 
external clock is used. 

Vss 

36. 37 

1 

Digital ground. 

P5EN 

47 

o 

Program Store Enable: Active-low read strobe to external program memory. 

ALE 

48 

o 

Address Latch Enable: Latches the low byte of the address during accesses to external memory. It is 
activated every six oscillator periods. During an external data memory access, one ALE pulse is 
skipped. ALE can drive up to eight LS TTL inputs and handles CMOS inputs without an external 
pull-up. 

EA 

49 

1 

External Access: When EA is held at TTL level high, the CPU executes out of the internal program 
ROM provided the program counter is less than 8192. When EA is held at TTL low level, the CPU 




executes out of external program memory. EA is not allowed to float. 

AVref- 

58 

1 

Analog to Digital Conversion Reference Resistor: Low-end. 

AVref+ 

59 

1 

Analog to Digital Conversion Reference Resistor: High-end. 

AVss 

60 

1 

Analog Ground 

AVdd 

61 

1 

Analog Power Supply 


NOTE: 

1 . To avoid “latch-up” effect at power-on. the voltage on any pin at any time must not be higher or lower than Vdd +0.5 V or Vss - 0.5V, 
respectively. 
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OSCILLATOR 

CHARACTERISTICS 

XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol. 

To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 


RESET 

A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To ensure a good power-on reset, 
the RST pin must be high long enough to 
allow the oscillator time to start up (normally 
a few milliseconds) plus two machine cycles. 
At power-on, the voltage on Vdd and RST 
must come up at the same time for a proper 
start-up. 


IDLE MODE 

In tfie idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode Is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and ail of the special function registers 


remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN MODE 

In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode, the 
control bits for the reduced power modes are 
in the special function register PCON. Table 1 
shows the state of the I/O ports during low 
current operating modes. 


Table 1 . External Pin Status During Idle and Power-Down Modes 



PROGRAM 

MEMORY 


PSEfI 

PORTO 

PORT1 

PORT 2 

PORTS 

PORT 4 

PWMO/ 

PWM1 

Idle 

Internal 

1 

1 

Data 

Data 

Data 

Data 

Data 

High 

Idle 

External 

1 

1 

Float 

Data 

Address 

Data 

Data 

High 


Internal 

0 

0 

Data 

Data 

Data 

Data 

Data 

High 

Power-down 

External 

0 

0 

Float 

Data 

Data 

Data 

Data 

High 


ABSOLUTE MAXIMUM RATINGS^’ ^ 


PARAMETER 

RATING 

UNIT 

Voltage on any other pin to Vss 

-0.5 to +6.5 

V 

Input, output DC current on any single I/O pin 

5.0 

mA 

Power dissipation (based on package heat transfer limitations, not device power consumption) 

1.0 

W 

Storage temperature range 

-65 to +150 

°C 


NOTES: 

1 . Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuit^ specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, It is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 
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DC ELECTRICAL CHARACTERISTICS 

Vss.AVss = OV 




TEST 

UMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

MAX 

UNIT 

Vdd 

Supply voltage 






PCB8XC562 


4.0 

6.0 

V 


PCF8XC562 


4.0 

6.0 

V 


PCA8XC562 


4.5 

5.5 

V 

bo 

Supply current operating; 

See notes 1 and 2 





PCB8XC562 

fosc = 16MHz 


45 

mA 


PCF8XC562 

bsc = 1 2MHz 


34 

mA 


PCA8XC562 

bsc = 1 2MHz 


30 

mA 


Idle mode: 

See notes 1 and 3 





PCB8XC562 

bsc = 16MHz 


10 

mA 


PCF8XC562 

bsc = 12MHz 


8 

mA 


PCA8XC562 

bsc = 12MHz 


7 

mA 


Power-down current; 

See notes 1 and 4; 

2V < VpD < Vdd 





PCB8XC562 



50 

pA 


PCF8XC562 



50 

pA 


PCA8XC562 



100 

pA 

I Inputs I 


Input low voltage, except EA 


-0.5 

0.2VDi:r0.1 

V 

V,L1 

Input low voltage to EA 


-0.5 

0.2Vdd-0.3 

V 

VlH 

Input high voltage, except XTAL1 , RST 


0.2Vdd+0.9 

Vdd+0.5 

V 

V,H1 

Input high voltage, XTAL1 , RST 


0.7Vdd 

Vdd+0-5 

V 

IlL 

Logical 0 input current, ports 1 , 2, 3, 4 

V|N = 0.45V 


-50 

pA 

Itl 

Logical 1-to-O transition current, ports 1 , 2. 3, 4 

See note 5 


-650 

pA 

±I|L1 

Input leakage current, port 0, EA. STADC, EW 

0.45V < V| < Vdd 


10 

pA 

1 Outputs 1 

VoL 

Output low voltage, ports 1 , 2, 3. 4 

bL= 1.6mA® 


0.45 

V 

V0L1 

Output low voltage, port 0, ALE, PSEN, PWMO, PWMI 

loL = 3.2mA® 


0.45 

V 

VoH 

Output high voltage, ports 1, 2, 3, 4 

Vdd + 5V±10% 






-Iqh = 60pA 

2.4 


V 



-loH = 25pA 

0.75Vdd 


V 



-Iqh = lOfiA 

0.9Vdd 


V 

VoH1 

Output high voltage (port 0 in external bus mode, ALE, 
PWMO, PWM1)7 

Vdd + 5V±10% 

-Iqh = 400iiA 

2.4 


V 



-Iqh = 150pA 

0.75Vdd 


V 



-loH = 40|xA 

0.9Vdd 


V 

VoH2 

Output high voltage (RST) 

“bn = 400pA 

2.4 


V 



-loH=120pA 

O.SVqd 


V 

Rrst 

Internal reset pull-down resistor 


50 

150 

kD. 

Cio 

Pin capadtance 

Test freq = 1 MHz, 


10 

pF 



Ta„* = 25°C 
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DC ELECTRICAL CHARACTERISTICS (Continued) 




TEST 

1 UMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

HQ[2|||||| 

1 MAX 

UNIT 

1 Analog Inputs | 

AVdd 

Analog supply voltage: 


■H 


■■ 


PCB8XC562 

AVDD = VD[yt0.2V 


6.0 



PCF8XC562 

AVDD = VDtyt0.2V 


6.0 



PCA8XC562 

AVqd = VDDi0-2V 


5.5 

V 

AIdd 

Analog supply current: operating: 

Port 5 = 0 to AVdd 


1.2 

mA 

AIid 

Idle mode: 






PCB8XC562 



50 

pA 


PCF8XC562 



50 

pA 


PCA8XC562 



100 

pA 

AlpD 

Power-down mode: 

2V < AVpD < AVdd nriax 





PCB8XC562 



50 

pA 


PCF8XC562 



50 

pA 


PCA8XC562 



100 

pA 

AVin 

Analog input voltage 


AVss-0.2 

AVdd+0.2 

V 

AVref 

Reference voltage: 

AVref- 


AVss-0.2 


V 


AVref+ 



AVdd+0-2 

V 

Rref 

Resistance between AVref+ and AVref- 


5 

25 

ka 

C|A 

Analog input capacitance 



15 

pF 

tADS 

Sampling time 



6tcY 

ps 

tADC 

Conversion time (including sampling time) 



24tcY 

ps 

DU 

Differential non-linearity®’ 



±1 

LSB 

lU 

Integral non-linearity®’ 



±1 

LSB 

OSe 

Offset error®’ 



±1 


Ge 

Gain error®* 



0.4 

% 

Mctc 

Channel to channel matching 



±1 

LSB 

Ct 

Crosstalk between inputs of port 5^"^ 

O-IOOkHz 


-60 

dB 


NOTES: 

1 . See Figures 8 through 1 2 for Idd test conditions. 

2. The operating supply current is measured with all output pins disconnected; XTAL1 driven with t^ = tf = 10ns: V|l = Vss + 0.5V; 

V|H = Vdd - 0.5V; XTAL2 not connected; EA = RST = Port 0 = EW = Vdd; STADC = V^. 

3. The idle mode supply current is measured with all out put pins disconnected; XTAL1 driven with tr = tf = lOns; V|l = Vss + 0.5V; 

ViH = Vdd - 0.5V; XTAL2 not connected; Port 0 = EW = Vdd: EA = RST = STADC = Vss- 

4. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = EW = Vdd; 

EA = RST = STADC = XTAL1 = Vss- 

5. Pins of ports 1 , 2, 3, and 4 source a transition current when they are being externally driven from 1 to 0. The transition current reaches its 
maximum value when V|fg is approximately 2V. 

6. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the Vqls of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-O transitions during bus operations. In the 
worst cases (capacitive loading > lOOpF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. Iql can exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs ex ceed th e test conditions. 

7. Capacitive loading on ports 0 and 2 may cause the Vqh on ALE and PSEN to momentarily fall below the O.OVqd specification when the 
address bits are stabilizing. 

8. Conditions: AVref_ = OV; AVdd = 5.0V, AVref+ = 5.12V. ADC is monotonic with no missing codes. 

9. The differential non-linearity (DLg) is the difference between the actual step width and the ideal step width. (See Figure 1 .) 

10. The ADC is monotonic; there are no missing codes. 

1 1 . The integral non-linearity (ILe) is the peak difference between the center of the steps of the actual and the ideal transfer curve after 
appropriate adjustment of gain and offset error. (See Figure 1 .) 

12. The offset error (OSe) is the absolute difference between the straight line which fits the actual transfer curve (after removing gain error), and 
a straight line which fits the ideal transfer curve. (See Figure 1 .) 

13. The gain error (Gq) is the relative difference in percent between the straight line fitting the actual transfer curve (after removing offset error), 
and the straight line which fits the ideal transfer curve. Gain error is constant at every point on the transfer curve. (See Figure 1 .) 

14. This should be considered when both analog and digital signals are simultaneously input to port 5. 
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AC ELECTRICAL CHARACTERISTICS^' 2 


SYMBOL 

FIGURE 

PARAMETER 

12MHz CLOCK 

VARIABLE CLOCK 

UNIT 

MIN 

MAX 

MIN 

MAX 

1/fcLCL 

2 

Oscillator frequency 



1.2 

16 

MHz 

fLHLL 

2 

ALE pulse width 

127 


2tcLCL-40 


ns 

Wll 

2 

Address valid to ALE low 

28 


fCLCL-55 


ns 

tlLAX 

2 

Address hold after ALE low 

48 


fcLCL-35 


ns 

tlLIV 

2 

ALE low to valid instruction in 


234 


4tcLCL~100 

ns 

flLPL 

2 

ALE low to PSEN low 

43 


tCLCL-^0 


ns 

tpLPH 

2 

PSEN pulse width 

205 


3tcLCL-45 


ns 

tpLIV 

2 

PSEN low to valid instruction in 


145 


3tcLCL-105 

ns 

tpxix 

2 

Input instruction hold after PSEN 

0 


0 


ns 

tpxiz 

2 

Input instruction float after PSEN 


59 


tcLCL-25 

ns 

WlV 

2 

Address to valid instruction in 


312 


5tcLCL-105 

ns 

tpLAZ 

2 

PSEN low to address float 


10 


10 

ns 

Data Memory 

Wll 

3,4 

Address valid to ALE low 

43 


fCLCL-35 


ns 

fRLRH 

3 

RU pulse width 

400 


3tcLCL“103 


ns 

fwLWH 

4 

WR pulse width 

400 


6tcLCL“100 


ns 

tRLDV 

3 

RU low to valid data in 


252 


StcLCL-ISS 

ns 

tRHDX 

3 

Data hold after RD 

0 


0 


ns 

fRHDZ 

3 

Data float after RR 


97 


2tcLCL“70 

ns 

tlLDV 

3 

ALE low to valid data in 


517 


8Iclcl-150 

ns 

tAVDV 

3 

Address to valid data in 


585 


9tcLCL-135 

ns 

fLLWL 

3,4 

ALE low to RTJ or WR low 

200 

300 

3tcLCL-50 

3tcLCL+50 

ns 

UVWL 

3,4 

Address valid to WR low or RtJ low 

203 


4tcLCL-130 


ns 

fQVWX 

4 

Data valid to WR transition 

23 


tCLCL-60 


ns 

tow 

4 

Data before WR 

433 


7tcLCL-150 


ns 

tWHQX 

4 

Data hold after WR 

33 


fCLCL-50 


ns 

tRLAZ 

3 

RTJ low to address float 


0 


0 

ns 

fWHLH 

3,4 

FfR or WR high to ALE high 

43 

123 

fCLCL-40 

fCLCL+40 

ns 

External Clock 

fCHCX 

5 

High time^ 

20 


20 


ns 

fCLCX 

5 

Low time^ 

20 


20 


ns 

fCLCH 

5 

Rise time^ 


20 


20 

ns 

fCHCL 

5 

Fall time^ 


20 


20 

ns 


NOTES: 

1 . Parameters are valid over operating te mperat ure range unless otherwise specified. 

2. Load capacitance for port 0, ALE. and P5ER = 1 0OpF, load capacitance for all other outputs = 80pF, 

3. These values are characterized but not 100% production tested. 
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EXPLANATION OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
first character is always ‘t’ (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are; 

A - Address 
C - Clock 
D - Input data 
H - Logic level high 

I - Instruction (program memory contents) 
L - Logic level low, or ALE 
P - PSER 


Q - Output data 
R - R17 signal 
t - Time 
V - Valid 
W- WR signal 

X - No longer a valid logic level 
Z - Float 

Examples: tAVLL = Time for address valid 
to ALE low. 

tLLPL = Time for ALE low to 
PSEN low. 
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(NO- 
CLOCK SIGNAL- 



Vdd 

RST 

PO 



XTAL2 

m 

XTAL1 


vss 

STADC 



Figure 9. Iqd Test Condition, Active Mode 
All other pins are disconnected 


(NO- 
CLOCK SIGNAL- 


RST 

Vdd 

STADC 

PO 


EW 

XTAL2 

EA 

XTAL1 

AVss 

Vss 

AVref 


Figure 10. Iqo Test Condition, Idle Mode 
All other pins are disconnected 



Figure 11. Clock Signal Waveform for Idd 
T ests in Active and Idle Modes 
tcLCH = fcHCL = 10ns 


RST 

Vdd 

STADC 

PO 


EW 

XTAL2 

EA 

XTALl 

AVss 

Vss 

AVref 


Figure 12. Iqq Test Condition, Power Down Mode 
All other pins are disconnected. Vqd = 2V to 5.5V 



Purchase of Philips’ l^c components conveys a license under the 

Philips’ i^C patent to use the components in the I^C-system 

provided the system conforms to the PC specifications defined by Philips. 
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8XC575 OVERVIEW 

The 8XC575 is a single chip microcontroller 
derivative of the 80C51 . The 8XC575 has tiie 
same instruction set and core architecture as 
the industry standard 80C51. The features of 
the 8XC575 include the following: 

• 8K bytes EPROM 

• 256 bytes RAM 

• Two standard 80C51 16-bit Timers 

• One 16-bit Timer 2 

• Programmable Counter Array 

• Watchdog Timer 

• Enhanced UART 

• Four Analog Comparators 

• Low Vcc Detect Circuit 

• Oscillator Failure Detect Circuit 

• Schmitt Trigger Inputs 

• Power On Reset Detection Circuit 

• Low Active Reset 

• Asynchronous Low Port Reset 

• Port 2 Selectable Open Drain Output 

• Reduced EMI mode 

• 40-pin DIP, 44-pin PLCC, 44-pin QFP 

Low Active RESET 

One of the most notable features on this part 
is the low active reset. At this time this Is the 
only 80C51 derivative available that has low 
active reset. This feature makes it easier to 
interface the 8XC575 into an application to 
accommodate the power-on and low voltage 


conditions that can occur. The low active 
reset operates exactly the same as high 
active reset with the exception that the part is 
put into the reset mode by applying a low 
level to the reset pin. For power-on reset it is 
also necessary to invert the power-on reset 
circuit; connecting the 8.2K resistor from the 
reset pin to Vcc and the lOpf capacitor from 
the reset pin to ground. Figure 1 shows all of 
the reset related circuitry. 

When reset the port pins on the 87C575 are 
driven low asynchronously. This is different 
from all other 80C51 derivatives. 

The 8XC575 also has Low voltage detection 
circuitry that will, if enabled, force the part to 
reset when Vcc (on the part) fails below a set 
level. Low Voltage Reset Is enabled by a 
normal reset. Low Voltage Reset can be 
disabled by clearing LVRE (bit 4 in the 
WDCON SFR) then executing a watchdog 
feed sequency (A5H to WFEED1 followed 
immediately by 5A to WFEED2). In addition 
there is a flag (LVF) that is set if a low voltage 
condition is detected. The LVF flag is set 
even if the Low Voltage detection circuitry is 
disabled. Notice that the Low voltage 
detection circuitry does not drive the RST# 
pin so the LVF flag is the only way that the 
microcontroller can determine if it has been 
reset due to a low voltage condition. 

The 8XC575 has an on-chip power-on 
detection circuit that sets the POF (PCON.4) 
flag on power up or if the Vcc level 
momentarily drops to OV. This flag can be 
used to determine if the part is being started 
from a power-on (cold start) or if a reset has 
occurred due to another condition (warm 
start). 


Timers 

The 87C575 has four on-chip timers. 

Timers 0 and 1 are identical in every way to 
Timers 0 and 1 on the 80C51 . 

Timer 2 on the 8XC575 is identical to the 
80C52 Timer 2 (described in detail in the 
80C52 overview) with the exception that it is 
an up or down counter. To configure the 
Timer to count down the DCEN bit in the 
T2MOD special function register must be set 
and a low level must be present on the T2EX 
pin (P1.1). 

The Watchdog timer operation and 
implementation is the same as that for the 
8XC550 (described in the 8XC550 overview) 
with the exception that the reset values of the 
WDCON and WDL special function registers 
have been changed. The changes in these 
registers cause the watchdog timer to be 
enabled with a timeout of 98304 x Tqsc when 
the part is reset. The watchdog can be 
disabled by executing a valid feed sequence 
and then clearing WDRUN (bit 2 in the 
WDCON SFR). 

Programmable Counter Array 
(PCA) 

The Programmable Counter Array is a 
special Timer that has five 16-bit 
capture/compare modules associated with it. 
Each of the modules can be programmed to 
operate in one of four modes; rising and/or 
falling edge capture, software timer, 
high-speed output, or pulse width modulator. 
Each module has a pin associated with it in 
port 1 . Module 0 is connected to Pi .3(CEX0), 
module 1 to P1.4(CEX1), etc.. The basic 
PCA configuration is shown in Figure 1 . 
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Table 1 . 87C575 Special Function Registers 


SYMBOL 

DESCRIPTION 

DIRECT 

ADDRESS 

BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 

MSB LSB 

RESET 

VALUE 

ACC* 

Accumulator 

EOH 

E7 

E6 

E5 

E4 

E3 

E2 

E1 

EO 

OOH 

AUXR# 

Auxiliary 

8EH 

- 

- 

- 

- 

- 

- 

LO 

AO 

xxxxxxOOB 

B* 

B register 

FOH 

F7 

F6 

F5 

F4 

F3 

F2 

FI 

FO 

OOH 

CCAPOH# 

Module 0 Capture High 

FAH 









xxxxxxxxB 

CCAP1H# 

Module 1 Capture High 

FBH 









xxxxxxxxB 

CCAP2H# 

Module 2 Capture High 

FCH 









xxxxxxxxB 

CCAP3H# 

Module 3 Capture High 

FDH 









xxxxxxxxB 

CCAP4H# 

Module 4 Capture High 

FEH 









xxxxxxxxB 

CCAPOL# 

Module 0 Capture Low 

EAH 









xxxxxxxxB 

CCAP1L# 

Module 1 Capture Low 

EBH 









xxxxxxxxB 

CCAP2L# 

Module 2 Capture Low 

ECH 









xxxxxxxxB 

CCAP3L# 

Module 3 Capture Low 

EDH 









xxxxxxxxB 

CCAP4L# 

Module 4 Capture Low 

EEH 









xxxxxxxxB 

CCAPMO# 

Module 0 Mode 

DAH 

_ 

ECOM 

CAPP 

CAPN 

MAT 

TOG 

PWM 

ECCF 

xOOOOOOOB 

CCAPM1# 

Module 1 Mode 

DBH 

- 

ECOM 

CAPP 

CAPN 

MAT 

TOG 

PWM 

ECCF 

xOOOOOOOB 

CCAPM2# 

Module 2 Mode 

DCH 

- 

ECOM 

CAPP 

CAPN 

MAT 

TOG 

PWM 

ECCF 

xOOOOOOOB 

CCAPM3# 

Module 3 Mode 

DDH 

- 

ECOM 

CAPP 

CAPN 

MAT 

TOG 

PWM 

ECCF 

xOOOOOOOB 

CCAPM4# 

Module 4 Mode 

DEH 

- 

ECOM 

CAPP 

CAPN 

MAT 

TOG 

PWM 

ECCF 

xOOOOOOOB 




DF 

DE 

DD 

DC 

DB 

DA 

D9 

D8 


CCON*# 

PCA Counter Control 

D8H 

CF 

CR 


CCF4 

CCF3 

CCF2 

CCF1 

CCFO 

OOxOOOOOB 

CH# 

PCA Counter High 

F9H 









OOH 

CL# 

PCA Counter Low 

E9H 









OOH 

CMOD# 

PCA Counter Mode 

D9H 

CIDL 

WDTE 


- 

- 

CPS1 

CPSO 

ECF 

OOxxxOOOB 




EF 

EE 

ED 

EC 

EB 

EA 

E9 

E8 


CMP*# 

Comparator 

E8H 

EC3DP 

EC2DP 

EC1DP 

ECODP 

C3RO 

C2RO 

C1RO 

CORO 

OOH 

CMPE# 

Comparator Enable 

91 H 

EC3TDC 

EC2TDC 

EC1TDC 

ECOTDC 

EC30D 

EC20D 

EC10D 

ECOOD 

OOH 

DPTR; 

Data Pointer (2 bytes) 











DPH 

Data Pointer High 

83H 









OOH 

DPL 

Data Pointer Low 

82H 









OOH 




AF 

AE 

AD 

AC 

AB 

AA 

A9 

A8 


IE* 

Interrupt Enable 

A8H 






EX1 



OOH 




BF 

BE 

BD 

BC 

BB 

BA 

B9 

B8 


IP* 

Interrupt Priority 

B8H 

- 



PS 

PT1 

PX1 

PTO 

PXO 

xOOOOOOOB 




87 

86 

85 

84 

83 

82 

81 

80 


PO* 

Porto 

80H 

AD7 

AD6 

ADS 

AD4 

AD3 

AD2 

ADI 

ADO 

FFH 




97 

96 

95 

94 

93 

92 

91 

90 


PI* 

Port1 

90H 

CEX4 

CEX3 

CEX2 

CEX1 

CEXO 

EXI 

T2EX 

T2 

FFH 




A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 


P2* 

Port 2 

AOH 

AD15 

AD14 

AD13 

AD12 

AD11 

AD10 1 

AD9 

AD8 

FFH 




B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 


P3* 

Port 3 

BOH 

RD 

WR 

T1 

TO 

TNTT 

INTO 1 

TxD 

RxD 

FFH 


* SFRs are bit addressable. 

# SFRs are modified from or added to the 80C51 SFRs. 
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Table 1. 87C575 Special Function Registers (Continued) 



SYMBOL 

DESCRIPTION 

DIRECT 

ADDRESS 

BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 

MSB LSB 

RESET 

VALUE 

P20D# 

Port 2 Pullup Disable 

A1H 


OOH 

PCON 

Power Control 

87H 

SM0D1 

SMODO 

OSF^ 

POF^ 

LVF^ 

GFO 

PD 

IDL 

OOxxxOOOB 




D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 


PSW* 

Program Status Word 

DOH 

CY 

AC 

FO 

RS1 

RSO 

OV 


P 

OOH 

RACAP2H# 

Timer 2 Capture High 

CBH 









OOH 

RACAP2L# 

Timer 2 Capture Low 

CAH 









OOH 

SADDR# 

Slave Address 

A9H 









OOH 

SADEN# 

Slave Address Mask 

B9H 









OOH 

SBUF 

Serial Data Buffer 

99H 

9F 

9E 

9D 

9C 

9B 

9A 

99 

98 

xxxxxxxxB 

SCON* 

Serial Control 

98 H 

SMO 

SMI 

SM2 

REN 

TBS 

RB8 


Rl 

OOH 

SP 

Stack Pointer 

81 H 

8F 

8E 

8D 

8C 

8B 

8A 

89 

88 

07H 

ICON* 

Timer Control 

88H 

TF1 

TR1 

TFO 

TRO 

IE1 

IT1 

lEO 

lEO 

OOH 




CF 

CE 

CD 

CC 

CB 

CA 

C9 

C8 


T2CON* 

Timer 2 Control 

C8H 

TF2 

EXF2 

RCLK 

TCLK 

EXEN2 

TR2 

C/T2 

CP/RL2 

OOH 

T2MOD# 

Timer 2 Mode Control 

C9H 

- 

- 

- 

- 

- 

_ 

- 

DCEN 

xxxxxxxOB 

THO 

Timer High 0 

8CH 









OOH 

TH1 

Timer High 1 

SDH 









OOH 

TH2# 

Timer High 2 

CDH 









OOH 

TLO 

Timer Low 0 

8AH 









OOH 

TL1 

Timer Low 1 

8BH 









OOH 

TL2# 

Timer Low 2 

CCH 









OOH 

TMOD 

Timer Mode 

89H 

GATE 

C/T 

Ml 

MO 

GATE 

C/T 

Ml 

MO 

OOH 




C7 

C6 

C5 

C4 

C3 

C2 

Cl 

CO 


WDCON*# 

Watchdog Timer Control 

COH 

PRE2 1 

PRE1 

PREO 1 

LVRE 

OFRE 1 

WDRUN 

WDTOF 

WDMOD 

11111101B 

WDL# 

Watchdog Timer Reload 

C1H 









OOH 

WFEED1# 

Watchdog Feed 1 

C2H 









xxH 

WFEED2# 

Watchdog Feed 2 

C3H 









xxH 


* SFRs are bit addressable. 

# SFRs are modified from or added to the 80C51 SFRs. 
1 . Reset value depends on reset source. 
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The PCA timer is a common time base for all 
five modules and can be programmed to run 
at: 1/12 the osdilator frequency, 1/4 the 
oscillator frequency, the Timer 0 overflow, or 
the input on the ECl pin (PI .2). The timer 
count source is determined from the CPS1 
and CPSO bits in the CMOD SFR as follows 
(see Figure 4): 

CPS1 CPSO PCA TTmer Count Source 

0 0 1/12 oscillator frequency 

0 1 1/4 oscillator frequency 

1 0 Timer 0 overflow 

1 1 External Input at ECl pin 

In the CMOD SFR are three additional bits 
associated with the PCA. They are CIDL 
which allows the PCA to stop during idle 
mode, WDTE which enables or disables the 
watchdog function on module 4, and ECF 
which when set causes an interrupt and the 
PCA overflow flag CF (in the CCON SFR) to 
be set when the PCA timer overflows. These 
functions are shown in Figure 3. 

The watchdog timer function is implemented 
in module 4 as Implemented In other parts 
that have a PCA that are available on the 
market. However, if a watchdog timer is 
required in the target application, it is 
recommended to use the hardware watchdog 
timer that is implemented on the 87C575 
separately from the PCA (see Figure 12). 

The CCON SFR contains the run control bit 
for the PCA and the flags for the PCA timer 
(CF) and each module (refer to Figure 5). To 
run the PCA the CR bit (CCON.6) must be 
set by software. The PCA is shut off by 
clearing this bit. The CF bit (CCON. 7) is set 
when the PCA counter overflows and an 
interrupt will be generated if the ECF bit In 
the CMOD register is set, The CF bit can only 


be cleared by software. Bits 0 through 4 of 
the CCON register are the flags for the 
modules (bit 0 for module 0, bit 1 for module 
1 , etc.) and are set by hardware when either 
a match or a capture occurs. These flags also 
can only be cleared by software. The PCA 
interrupt system shown in Figure 3. 

Each module in the PCA has a special 
function register associated with it. These 
registers are; CCAPMO for module 0, 
CCAPM1 for module 1. etc. (see Figures). 
The registers contain the bits tiiat control the 
mode that each module will operate in. The 
ECCF bit (CCAPMn.O where n=0, 1, 2, 3, or 
4 depending on the module) enables the CCF 
flag in the CCON SFR to generate an 
interrupt when a match or compare occurs in 
the associated module. PWM (CCAPMn.1) 
enables the pulse width modulation mode. 
The TOG bit (CCAPMn.2) when set causes 
the CEX output associated with the module to 
toggle when there is a match between the 
PCA counter and the module’s 
capture/compare register. The match bit MAT 
(CCAPMn.3) when set will cause tiie CCFn 
bit In the CCON register to be set when there 
is a match between the PCA counter and the 
module’s capture/compare register. 

The next two bits CAPN (CCAPMn.4) and 
CAPP (CCAPMn.5) determine the edge that 
a capture input will be active on. The CAPN 
bit enables the negative edge, and the CAPP 
bit enables the positive edge. If both bits are 
set both edges will be enabled and a capture 
will occur for either transition. The last bit In 
the register ECOM (CCAPMn.6) when set 
enables the comparator function. Figure 7 
shows the CCAPMn settings for the various 
PCA functions. 


There are two additional registers associated 
with each of the PCA modules. They are 
CCAPnH and CCAPnL and these are the 
registers that store the 16-bit count when a 
capture occurs or a compare should occur. 
When a module is used in the PWM mode 
these registers are used to control the duty 
cycle of the output. 

PCA Capture Mode 

To use one of the PCA modules in the 
capture mode either one or both of the 
CCAPM bits CAPN and CAPP for that 
module must be set. The external CEX input 
for the module (on port 1 ) is sampled for a 
transition. When a valid transition occurs the 
PCA hardware loads the value of the PCA 
counter registers (CH and CL) into the 
module’s capture registers (CCAPnL and 
CCAPnH). If the CCFn bit for the module in 
the CCON SFR and the ECCFn bit In the 
CCAPMn SFR are set then an interrupt will 
be generated. Refer to Figure 8. 

16-bit Software Timer Mode 

The PCA modules can be used as software 
timers by setting both the ECOM and MAT 
bits in the modules CCAPMn register. The 
PCA timer will be compared to the module's 
capture registers and when a match occurs 
an interrupt will occur if the CCFn (CCON 
SFR) and the ECCFn (CCAPMn SFR) bits for 
the module are both set (see Figure 9). 

High Speed Output Mode 
In this mode the CEX output (on port 1 ) 
associated with the PCA module will toggle 
each time a match occurs between the PCA 
counter and the module’s capture registers. 

To activate this mode the TOG, MAT, and 
ECOM bits In the module’s CCAPMn SFR 
must be set (see Figure 10). 


16 BITS 


PCA TIMER/COUNTER 


TIME BASE FOR PCA MODULES 


MODULE FUNCTIONS: 

16-BIT CAPTURE 
16-BIT TIMER 

16-BIT HIGH SPEED OUTPUT 
8-BIT PWM 

WATCHDOG TIMER (MODULE 4 ONLY) 



P1.3/CEX0 

P1.4/CEX1 

P1.5/CEX2 

P1.6/CEX3 

P1.7/CEX4 


Figure 2. Programmable Counter Array (PCA) 
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Figure 3. PCA Timer/Counter 



Figure 4. PCA Interrupt System 


March 1993 


887 








Philips Semiconductors 80C51 -Based 8-Bit Microcontrollers 


80C51 Family derivatives 


8XC575 overview 


CMOD AcWress = OD9H 


Reset Value = OOXX XOOOB 


Symbol 

CIDL 

WDTE 

CPS1 

CPSO 


ECF 


Bit Addressable 


CIDL 

WDTE 

- 

- 

- 

CPS1 

CPSO 

ECF 

7 

6 

5 

4 

3 

2 

1 

0 


Function 


Counter Idle control; CIDL = 0 programs the PCA Counter to continue functioning during idle Mode. CIDL = 1 programs 
it to be gated off during idle. 

Watchdog Timer Enable; WDTE = 0 disables Watchdog Timer function on PCA Module 4. WDTE = 1 enables it. 

Not implemented, reserved for future use.* 

PCA Count Pulse Select bit 1 . 


PCA Count Pulse Select bit 0. 


CPS1 

0 

0 

1 

1 


CPSO Selected PCA Input** 

0 0 Internal clock, Fosc-s- 12 

1 1 Internal clock, Fosc + 4 

0 2 Timer 0 overflow 

1 3 External clock at ECI/P1 .2 pin (max. rate = Fosc 8) 


PCA Enable Counter Overflow interrupt; ECF = 1 enables CF bit in CCON to generate an interrupt. ECF = 0 disables 
that function of CF. 


NOTE: 

‘User sottware should not write Is to reserved bits. These bns may be used in tuture 8051 family products to invote new features In that case, the reset or inactive value of the new 
bit will be 0 , and its actrve value will be 1 . The value read from a reserved bit is indeterminate. 

“-Fosc = osallator frequency 


Figure 5. CMOD: PCA Counter Mode Register 


CCON Address = OD8H Reset Value = 00X0 OOOOB 


Bit Addressable 



CF 

CR 

- 

CCF4 

CCF3 

CCF2 

CCF1 

CCFO 

Bit; 7 

Symbol Function 

6 

5 

4 

3 

2 

1 

0 


CF PCA Counter Overflow flag. Set by hardware when the counter rolls over. CF flags an interrupt If bit ECF in CMOD is 

set. CF may be set by either hardware or software but can only be cleared by software. 

CR PCA Counter Run control bit. Set by software to turn the PCA counter on. Must be cleared by software to turn the PCA 

counter off. 

- Not implemented, reserved for future use*. 

CCF4 PCA Module 4 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 

CCF3 PCA Module 3 internupt fiag. Set by hardware when a match or capture occurs. Must be cleared by software. 

CCF2 PCA Module 2 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 

CCF1 PCA Module 1 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 

CCFO PCA Module 0 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software. 

NOTE: 

‘User software should not wnte 1s to reserved bits. These bits may be used in tuture 8051 family products to invoke new features. In that case, the reset or inactive value of the 
new bit will be 0, and its active value will be 1 . The value read from a reserved bit is indeterminate. 

Figure 6. CCON: PCA Counter Control Register 
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CCON Address 


CCAPMO 

ODAH 

CCAPM1 

ODBH 

CCAPM2 

ODCH 

CCAPM3 

ODDH 

CCAPM4 

ODER 


Reset Value = XOOO OOOOB 


Not Bit Addressable 


Symbol 


Bit: 

Function 


_ 

ECOMn 

CAPPn 

CAPNn 

MATn 

TOGn 

PWMn 

ECCFn 

7 

6 

5 

4 

3 

2 

1 

0 


- Not implemented, reserved for future use*. 

ECOMn Enable Comparator. ECOMn = 1 enables the comparator function. 

CAPPn Capture Positive, CAPPn = 1 enables positive edge capture. 

CAPNn Capture Negative. CAPNn = 1 enables negative edge capture. 

MATn Match. When MATn = 1 . a match of the PCA counter with this module’s compare/capture register causes the CCFn bit 
in CCON to be set, flagging an interrupt. 

TOGn Toggle. When TOGn = 1 , a match of the PCA counter with this module’s compare/capture register causes the CEXn 
pin to toggle. 

PWMn Pulse Width Modulation Mode. PWMn = 1 enables the CEXn pin to be used as a pulse width modulated output. 

ECCFn Enable CCF Interrupt. Enables compare/capture flag CCFn in the CCON register to generate an interrupt. 

NOTE: 

‘User software should not wnite 1 s to resenved bits. These brts may be used in future 8051 family products to invoke new featuresin that rrase, the reset or iinactive value of the 
new bit will be o, and its actn/e value will be 1 . The value read from a reserved bit Is indeterminate 


Figure 7. CCAPMn: PCA Modules Compare/Capture Registers 


- 

ECOMn 

CAPPn 

CAPNn 

MATn 

TOGn 

PWMn 

ECCFn 

MODULE FUNCTION 

X 

0 

0 

0 

0 

0 

0 

0 

No operation 

X 

X 

1 

0 

0 

0 

0 

X 

16-bit capture by a positive-edge trigger on CEXn 

X 

X 

0 

1 

0 

0 

0 

X 

16-bit capture by a negative trigger on CEXn 

X 

X 

1 

1 

0 

0 

0 

X 

16-bit capture by a transition on CEXn 

X 

1 

0 

0 

1 

0 

0 

X 

16-bit Software Timer 

X 

1 

0 

0 

1 

1 

0 

X 

16-bit Highspeed Output 

X 

1 

0 

0 

0 

0 

1 

0 

8-bit PWM 

X 

1 

0 

0 

1 

X 

0 

X 

Watchdog Timer 


Figure 8. PCA Module Modes (CCAPMn Register) 
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CCF4 CCF3 I CCF2 I CCFl I CCFO I 


PCA 11MER/COUNTER 



ECOMn I CAPPn I CAPNn I MATn I TOGn PWMn ECCFn I dVh) 


Figure 9. PCA Capture Mode 
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Figure 11. PCA High Speed Output Mode 


Pulse Width Modulator Mode 

All of the PCA modules can be used as PWM 
outputs. Figure 11 shows the PWM 
function. The frequency of the output depends 
on the source for the PCA timer. All of the 
modules will have the same frequency of 
output because they all share the PCA timer. 
The duty cycle of each module is 
independently variable using the module’s 
capture register CCAPLn. When the value of 
the PCA CL SFR is less than the value in the 
module’s CCAPLn SFR the output will be low, 
when it is equal to or greater than the output 
will be high. When CL overflows from FF to 
00. CCAPLn is reloaded with the value in 
CCAPHn. the allows updating the PWM 
without glitches. The PWM and ECOM bits in 
the module’s CCAPMn register must be set 
to enable the PWM mode. 


WATCHDOG TIMER 

The watchdog timer is not directly loadable 
by the user. Instead, the value to be loaded 
into the main timer is held in an autoload 
register or is part of the mask ROM 
programming. In order to cause the main 
timer to be loaded with the appropriate value, 
a special sequence of software action must 
take place. This operation is referred to as 
feeding the watchdog timer. 

To feed the watchdog, two instructions must 
be sequentially executed successfully. No 


intervening instruction fetches are allowed, so 
interrupts should be disabled before feeding 
the watchdog. The instructions should move 
ASH to the WFEED1 register and then 5AH 
to the WFEED2 register. If WFEED1 is 
correctly loaded and WFEED2 is not correctly 
loaded, then an immediate underflow will 
occur. 

The watchdog timer subsystem has two 
modes of operation. Its principal function is a 
watchdog timer. In this mode it protects the 
system from incorrect code execution by 
causing a system reset when the watchdog 
timer underflows as a result of a failure of 
software to feed the timer prior to the timer 
reaching its terminal count. If the user does 
not employ the watchdog function, the 
watchdog subsystem can be used as a timer. 
In this mode, reaching the terminal count sets 
a flag. In most other respects, the timer mode 
possesses the characteristics of the 
watchdog mode. This is done to protect the 
integrity of the watchdog function. 

The watchdog timer subsystem consists of a 
prescaler and a main counter. The prescaler 
has 8 selectable taps off the final stages and 
the output of a selected tap provides the 
clock to the main counter. The main counter 
is the section that is loaded as a result of the 
software feeding the watchdog and it is the 
section that causes the system reset 


(watchdog mode) or time-out flag to be set 
(timer mode) if allowed to reach its terminal 
count. 

Programming the Watchdog Timer 

Both the EPROM and ROM devices have a 
set of SFRs for holding the watchdog 
autoload values and the control bits. The 
watchdog time-out flag is present in the 
watchdog control register and operates the 
same in all versions. In the EPROM device, 
the watchdog parameters (autoload value 
and control) are always taken from the SFRs. 
In the ROM device, the watchdog parameters 
can be mask programmed or taken from the 
SFRs. The selection to take the watchdog 
parameters from the SFRs or from the mask 
programmed values is controlled by EA 
(external access). When EA is high (internal 
ROM access), the watchdog parameters are 
taken from the mask programmed values. If 
the watchdog is mask programmed to the 
timer mode, then the autoload values and the 
pre-scaler taps are taken from the SFRs. 
When EA is low (external access), the 
watchdog parameters are taken from the 
SFRs. The user should be able to leave code 
in his program which initializes the watchdog 
SFRs even though he has migrated to the 
mask ROM part. This allows no code 
changes from EPROM prototyping to ROM 
coded production parts. 
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0 0 0 0 0 


Figure 12. PCA PWM Mode 


Watchdog Detailed Operation 

EPROM Device (and ROM less Operation: 
EA = 0) 

In the ROMIess operation (ROM part, EA = 0) 
and in the EPROM device, the watchdog 
operates in the following manner (see figure 
14). 

Whether the watchdog is in the watchdog or 
timer mode, when external RESET is applied, 
the following takes place: 

• Watchdog mode bit set to watchdog mode. 

• Watchdog run control bit set to ON. 

• Autoload register set to 00 (min. count). 

• Watchdog time-out flag cleared. 

• Prescaler is cleared. 

• Prescaler tap set to the highest divide. 

• Autoload takes place. 

The watchdog can be fed even though it is in 
the timer mode. 

Note that the operational concept is for the 
watchdog mode of operation, when coming 
out of a hardware reset, the software should 
load the autoload registers, set the mode to 
watchdog, and then feed the watchdog 
(cause an autoload). The watchdog will now 
be starting at a known point. 

If the watchdog is in the watchdog mode and 
running and happens to underflow at the time 


the external RESET is applied, the watchdog 
time-out flag will be cleared. 

When the watchdog is in the watchdog mode 
and the watchdog underflows, the following 
action takes place (see Figure 16: 

• Autoload takes place. 

• Watchdog time-out flag is set 

• Mode bit unchanged. 

• Watchdog run bit unchanged. 

• Autoload register unchanged. 

• Prescaler tap unchanged. 

• All other device action same as external 
reset. 

Note that if the watchdog underflows, the 
program counter will start from OOH as in the 
case of an external reset. The watchdog 
time-out flag can be examined to determine if 
the watchdog has caused the reset condition. 
The watchdog time-out flag bit can be cleared 
by software. 

When the watchdog is in the timer mode and 
the timer software underflows, the following 
action takes place: 

• Autoload takes place. 

• Watchdog time-out flag is set 

• Mode bit unchanged. 

• Watchdog run bit unchanged. 


• Autoload register unchanged. 

• Prescaler tap unchanged. 

Mask ROM Device (EA = 1) 

In the mask ROM device, the watchdog mode 
bit (WDMOD) is mask programmed and the 
bit in the watchdog command register is read 
only and reflects the mask programmed 
selection. If the mask programmed mode bit 
selects the timer mode, then the watchdog 
run bit (WDRUN) operates as described 
under EPROM Device. If the mask 
programmed bit selects the watchdog mode, 
then the watchdog run bit has no effect on the 
timer operation (see figure 15). 

Watchdog Function 

The watchdog consists of a programmable 
prescaler and the main timer. The prescaler 
derives its clock from the on-chip osdilator. 
The prescaler consists of a divide by 12 
followed by a 1 3 stage counter with taps from 
stage 6 through stage 13. This is shown in 
Figure 1 7. The tap selection is 
programmable. The watchdog main counter 
is a down counter clocked (decremented) 
each time the programmable prescaler 
underflows. The watchdog generates an 
underflow signal (and is autoloaded) when 
the watchdog is at count 0 and the clock to 
decrement the watchdog occurs. The 
watchdog is 8 bits long and the autoload 
value can range from 0 to FFH. (The 


March 1993 


892 





Philips Semiconductors 80C51 -Based 8-Bit Microcontrollers 


80C51 Family derivatives 


autoload value of 0 is permissible since the 
prescaler is cleared upon autoload). 

This leads to the following user design 
equations. Definitions :tosc is the oscillator 
period, N is the selected prescaler tap value, 
W is the main counter autoload value, Imin is 
the minimum watchdog time-out value (when 
the autoload value is 0), tMAX is the maximum 
time-out value (when the autoload value is 
FFH), to is the design time-out value. 

tMiN = tosc X 1 2 X 64 
twAX = tMiN X 128 x 256 

to = tMIN X X W + 1 

(where prescaler = 0, 1 , 2, 3, 4, 5, 6, or 7) 

Note that the design procedure is anticipated 
to be as follows. A tMAX will be chosen either 
from equipment or operation considerations 
and will most likely be the next convenient 
value higher than to- (If the watchdog were 
inadvertently to start from FFH, an overflow 
would be guaranteed, barring other 
anomalies, to occur within tMAx)- Then the 
value for the prescaler would be chosen from: 

prescaler = log2 (twAx/ (tosc x 12 x 256)) - 6 

This then also fixes tMiN- An autoload value 
would then be chosen from: 

W = to / tMiN - 1 

The software must be written so that a feed 
operation takes place every tp seconds from 
the last feed operation. Some tradeoffs may 
need to be made. It is not advisable to 
include feed operations in minor loops or in 
subroutines unless the feed operation is a 
specific subroutine. 

Watchdog Control Register (WDCON) 

(Bit Addressable) Address CO 

The following bits of this register are read 
only in the ROM part when EA is high: 
WDMOD, PREO, PRE1, and PRE2. That is, 
the register will reflect the mask programmed 
values. In the ROM part with EA high, these 
bits are taken from mask coded bits and are 
not readable by the program. WDRUN is read 
only in the ROM part when EA is high and 


WDMOD is in the watchdog mode. When 
WDMOD is in the timer mode, WDRUN 
functions normally. 

The parameters written into WDMOD, PREO, 
PRE1 , and PRE2 by the program are not 
applied directly to the watchdog timer 
subsystem. The watchdog timer subsystem is 
directly controlled by a second register which 
stores these bits. The transfer of these bits 
from the user register (WDMOD) to the 
second control register takes place when the 
watchdog is fed. This prevents random code 
execution from directly foiling the watchdog 
function. This does not affect the operation 
where these bits are taken from mask coded 
values. 

The reset values of the WDCON and WDL 
registers will be such that the timer resets to 
the watchdog mode with a timeout period of 
1 2 X 64 X 1 28 X tosc- The watchdog timer will 
not generate an interrupt. Additional bits in 
WDCON are used to disable reset generation 
by the oscillator fail and low voltage detect 
circuits. WDCON can be written by software 
only by executing a valid watchdog feed 
sequence. 

WDCON Register Bit Definitions 


WDCON.7 

PRE2 

Prescaler Select 2, 
reset to 1 

WDCON.6 

PRE1 

Prescaler Select 1 , 
reset to 1 

WDCON.5 

PREO 

Prescaler Select 0, 
reset to 1 

WDCON.4 

LVRE 

Low Voltage Reset 
Enable, reset to 1 
(enabled) 

WDCON.3 

OFRE 

Oscillator Fail Reset 
Enable, reset to 1 
(enabled) 

WDCON.2 

WDRUN 

Watchdog Run, 
reset to 1 (enabled) 

WDCON. 1 

WDTOF 

Watchdog Timeout 
Flag, reset to 0 

WDCON.O 

WDMOD 

Watchdog Mode, 
reset to 1 (watchdog 
mode) 


8XC575 overview 


Enhanced UART 

The UART operates in all of the usual modes 
that are described in the first section of this 
book for the 80C51. In addition the UART can 
perform framing error detect by looking for 
missing stop bits, and automatic address 
recognition. The 87C575 UART also fully 
supports multiprocessor communication as 
does the standard 80C51 UART. 

When used for framing error detect the UART 
looks for missing stop bits in the 
communication. A missing bit will set the FE 
bit in the SCON register. The FE bit shares 
the SCON. 7 bit with SMO and the function of 
SCON. 7 is determined by PCON.6 (SMODO) 
(see Figure 13). If SMODO is set then 
SCON.7 functions as FE. SCON.7 functions 
as SMO when SMODO Is cleared. When used 
as FE SCON.7 can only be cleared by 
software. Refer to Figure 14. 

Automatic Address Recognition 

Automatic Address Recognition is a feature 
which allows the UART to recognize certain 
addresses in the serial bit stream by using 
hardware to make the comparisons. This 
feature saves a great deal of software 
overhead by eliminating the need for the 
software to examine every serial address 
which passes by the serial port. This feature 
is enabled by setting the SM2 bit in SCON. In 
the 9 bit UART modes, mode 2 and mode 3, 
the Receive Interrupt flag (Rl) will be 
automatically set when the received byte 
contains either the “Given" address or the 
“Broadcast” address. The 9 bit mode requires 
that the 9th information bit is a 1 to Indicate 
that the received information is an address 
and not data. Automatic address recognition 
is shown in Figure 15. 

The 8 bit mode is called Mode 1 . In this mode 
the Rl flag will be set if SM2 is enabled and 
the information received has a valid stop bit 
following the 8 address bits and the 
information is either a Given or Broadcast 
address. 

Mode 0 is the Shift Register mode and SM2 
is ignored. 
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Figure 13. PCA Watchdog Timer 



Figure 14. Watchdog Timer in 87C575 and 80C575 / 83C575 (EA = 0) 
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Figure 15. Watchdog Timer of 83C575 in Watchdog Mode (EA = 1 , WDMOD = 1) 



Figure 16. Watchdog Timer of 83C575 in Timer Mode (EA = 1 , WDMOD = 0) 
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SCON Address = 98H 


Reset Value = 0CX)0 OOOOB 


Bit Addressable 


SMO/FE SMI 


REN TBS 


(SMODO = 0/1)* 


Symbol Function 


Framing Error bit. This bit is set by the receiver when an invalid stop bit is detected. The FE bit is not cleared by valid 
frames but should be cleared by software. The SMODO bit must be set to enable access to the FE bit. 

Serial Port Mode Bit 0, (SMODO must = 0 to access bit SMO) 

Serial Port Mode Bit 1 

SMO SMI Mode Description Baud Rate** 


Description 

shift register 

8- bit UART 

9- bit UART 
9-bit UART 


Fosc/12 

variable 

Fosc/64 or Fosc:/32 
variable 


Enables the Automatic Address Recognition feature in Modes 2 or 3. If SM2 = 1 then Rl will not be set unless the 
received 9th data bit (RB8) is 1 , indicating an address, and the received byte Is a Given or Broadcast Address. In Mode 
1 , if SM2 = 1 then Rl will not be activated unless a valid stop bit was received, and the received byte is a Given or 
Broadcast Address. In Mode 0, SM2 should be 0. 

Enables serial reception. Set by software to enable reception. Clear by software to disable reception. 

The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired. 

in modes 2 and 3, the 9th data bit that was received. In Mode 1 , if SM2 = 0, RB8 is the stop bit that was received. In 
Mode 0, RB8 is not used. 

Transmit interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or at the beginning of the stop bit in the 
other modes, in any senal transmission. Must be cleared by software. 

Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or halfway through the stop bit time in 
the other modes, in any serial reception (except see SM2). Must be cleared by software. 


NOTE: 

*SMODo is located at PCON6. 
**Fosc = oscillator frequency 


Figure 18. SCON: Serial Port Control Register 
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Using the Automatic Address Recognition 
feature allows a master to selectively 
communicate with one or more slaves by 
invoking the Given slave address or 
addresses. All of the slaves may be 
contacted by using the Broadcast address. 
Two special Function Registers are used to 
define the slave's address, SADDR, and the 
address mask, SADEN. SADEN is used to 
define which bits in the SADDR are to b used 
and which bits are “don’t care”. The SADEN 
mask can be logically ANDed with the 
SADDR to create the “[Given" address which 
the master will use for addressing each of the 
slaves. Use of the Given address allows 
multiple slaves to be recognized while 
excluding others. The following examples will 
help to show the versatility of this scheme; 


Slave 0 

SADDR = 

1100 0000 


SADEN = 

1111 1101 


Given 

1100 00X0 

Slave 1 

SADDR = 

1100 0000 


SADEN = 

1111-111J9 


Given 

1100 OOOX 


In the above example SADDR is the same 
and the SADEN data is used to differentiate 
between the two slaves. Slave 0 requires a 0 
in bit 0 and it ignores bit 1 . Slave 1 requires a 
0 in bit 1 and bit 0 is ignored. A unique 
address for Slave 0 would be 1100 0010 
since slave 1 requires a 0 in bit 1 . A unique 
address for slave 1 would be 1100 0001 since 
a 1 in bit 0 will exclude slave 0. Both slaves 


can be selected at the same time by an 
address which has bit 0 = 0 (for slave 0) and 
bit 1 =0 (for slave 1 ). Thus, both could be 
address^ with 1100 0000. 


In a more complex system the following could 
be used to select slaves 1 and 2 while 
excluding slave 0: 


Slave 0 

SADDR 

= 

1100 

0000 


SADEN 

= 

Uli. 

1001 


Given 

= 

1100 

oxxo 

Slave 1 

SADDR 

= 

1110 

0000 


SADEN 

= 

111L 

jm 


Given 


1110 

oxox 

Slave 2 

SADDR 

— 

1110 

0000 


SADEN 

= 

1111 

1100 


Given 

= 

1110 

ooxx 


In the above example the differentiation 
among the 3 slaves is in the lower 3 address 
bits. Slave 0 requires that bit 0 = 0 and it can 
be uniquely addressed by 1110 0110. Slave 1 
requires that bit 1 = 0 and it can be uniquely 
addressed by 11 1 0 and 01 01 . Slave 2 
requires that bit 2 = 0 and its unique address 
is 1110 0011. To select Slaves 0 and 1 and 
exclude Slave 2 use address 1 1 1 0 01 00, 
since it is necessary t make bit 2 = 1 to 
exclude slave 2. 

The Broadcast Address for each slave is 
created by taking the logical OR of SADDR 
and SADEN. Zeros in tfiis result are teated as 


don’t-cares. In most cases, interpreting the 
don’t-cares as ones, the broadcast address 
will be FF hexadecimal. 

Upon reset SADDR (SFR address 0A9H) and 
SADEN (SFR address 0B9H) are leaded with 
Os. This produces a given address of all 
“don’t cares” as well as a Broadcast address 
of all “don’t cares”, this effectively disables 
the Automatic Addressing mode and allows 
the microcontroller to use standard 80C51 
type UART drivers which do not make use of 
this feature. 

Analog Comparators 

Four analog comparators are provided on 
chip. Three comparators have a common 
negative reference CMPR- and independent 
positive inputs CMP1+, CMP2+, CMP3+ on 
port 3. The fourth comparator has 
independent positive and negative inputs 
CMP0+ and CMPO- on port 1 . The CMP 
register contains an output and enable bit for 
each comparator. The CMP register is bit 
addressable and is located at SFR address 
E8H. Figure 21 shows the connection of the 
comparators. 

Pullups at the comparator input pins will be 
disabled by hardware when the comparator is 
enabled. In addition, to make inputs high 
impedance, the corresponding port SFR bits 
must be set by software to disable the 
pulldowns. 
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SCON 

(98H) 


IN UART MODE 2 OR MODE 3 AND SM2 = 1 : 

INTERRUPT IF REN=1. RB8=1 AND "RECEIVED ADDRESS” = ’’PROGRAMMED ADDRESS” 

- WHEN OWN ADDRESS RECEIVED, CLEAR SM2 TO RECBVE DATA BYTES 

- WHEN ALL DATA BYTES HAVE BEEN RECEIVED: SET SM2 TO WAIT FOR NEXT ADDRESS. 


Figure 20. UART Multiprocessor Communication, Automatic Address Recognition 


CMP Register Bit Definitions 

CMP.7 enable comparator 3, 
disable pullups at P3.4. P3.7 
CMP.6 enable comparator 2, 
disable pullups at P3.4, P3.6 
C MP.5 enable comparator 1 , 
disable pullups at P3.4, P3.5 
CMP.4 enable comparator 0, 
disable pullups at P1.0, P1.1 
CMP.3 comparator 3 output (readonly) 

CMP.2 comparator 2 output (readonly) 

C MR 1 comparator 1 output (readonly) 
CMRO comparator 0 output (readonly) 

All comparators are disabled automatically in 
power down mode, in idle mode unused 
comparators should be disabled by software 
to save power. A comparator can generate an 
interrupt that will terminate idle mode when 
used to drive a PCA capture input. 

The CMPE register contains bits to enable 
each comparator to drive external output pins 
or internal PCA capture inputs. Pullups at the 
output pins are disabled by hardware when 
the external comparator output is enabled. 
The comparator output is wire-ORed with the 
corresponding port SFR bit, so the SFR bit 
must also be set by software to enable the 
output. 

CMPE Register Bit Definitions 

CMPE. 7 enables comparator 3 to drive 
CEX3 

CMPE.6 enables comparator 2 to drive 
CEX2 


CMPE. 5 enables comparator 1 to drive 
CEX1 

CMPE.4 enables comparator 0 to drive 
CEXO 

CMPE. 3 enables comparator 3 output on 
PI. 6 (open drain) 

CMPE.2 enables comparator 2 output on 
PI. 5 (open drain) 

CMPE. 1 enables comparator 1 output on 
P1.4 (open drain) 

CMPE.O enables comparator 0 output on 
P1.3 (open drain) 

When 1 s are written to CMPE bits 7-4, the 
comparator outputs will drive the 
corresponding capture input. When Is are 
written to CMPE bits 3-0 the comparator 
output will also drive the corresponding port 1 
pin. If the comparator's enabled to drive the 
capture input but not the port pin, tfien the 
port pin can be used for general purpose I/O. 
When a comparator output is enabled, 
pullups at the output pin are disabled and the 
output becomes open drain. 

There are two special function registers 
associated with the comparators. They are 
CMP which contains the comparator enables 
and a bit that can be read by software to 
determine the state of each comparator’s 
output, and CMPE which controls whether 
the output from each comparator drives the 
assodated output pin or a capture input 
associated with one of the PCA modules. 


The CMP registers bits 0-3 can be read by 
software to determine the state of the output 
of each comparator. To do this the assodated 
comparator must be enabled but the output in 
port 1 can be disabled. This allows easy 
polling of the comparator output value without 
the need to use up a port pin. 

The CMPE register allows the comparator to 
drive the associated PCA module capture 
input, so that on compare a capture can be 
generated In the PCA. Bits 0-3 of this 
register enable the comparator output to drive 
the associated port 1 output circuitry. Used as 
a comparator output this circuitry is open 
drain. To enable the comparator output to 
drive to port 1 , the corresponding port bit 
must also be set to disable the pulldown. If 
the comparator is not enabled to drive the 
port 1 circuitry, the associated port 1 pin can 
be used for other I/O. This indudes when a 
comparator is enabled to drive the capture 
input to a PCA module. 

Reduced EMI Mode 

There are two bits in the AUXR register that 
can be set to reduce the Internal clock drive 
and disable the ALE output. AO (AUXR.O) 
when set turns off the ALE output. LO 
(AUXR. 1) when set reduces the drive of the 
internal clock drcuitry. Both bits are cleared 
on Reset. With LO set the 87C575 will still 
operate at 12MHz, but will have reduced EMI 
in the range above 100MHz. 
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80C51 Family derivatives 8XC575 overview 



Figure 21. Analog Comparators 


8XC575 Reduced EMI Mode 

AUXR (0X8E) 


n 

n 

n 

r 


z 

LO 

AO 


AO; Turns off ALE output. 


LO; Reduces drive of internal clock 

circuitry. 8XC575 spec’d to 12 MHz 
when LO set. 
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Philips Semiconductors Microcontroller Products 


Product specification 


CMOS single-chip 8-bit microcontroiier 80C575/83C575/87C575 


DESCRIPTION 

The Philips 80C575/83C575/87C575 is a 
high-performance microcontroller fabricated 
with Philips high-density CMOS technology. 
The Philips CMOS technology combines the 
high speed and density characteristics of 
HMOS with the low power attributes of 
CMOS. Philips epitaxial substrate minimizes 
latch-up sensitivity. 

The 8XC575 contains an 8k x 8 ROM 
(83C575) EPROM (87C575), a 256 x 8 RAM, 
32 I/O lines, three 16-bit counter/timers, a 
Programmable Counter Array (PCA), a 
seven-source, two-priority level nested 
Interrupt structure, an enhanced UART, four 
analog comparators, power-fail detect and 
oscillator fail detect circuits, and on-chip 
oscillator and clock drcuits. 

In addition, the 8XC575 has a low active 
reset, and the port pins are reset to a low 
level. There is also a fully configurable 
watchdog timer, and internal power on clear 
circuit. The part includes idle mode and 
power-down mode states for reduced power 
consumption. 


FEATURES 

• 80C51 based architecture 

- 8k X 8 ROM (83C575) 

- 8k X 8 EPROM (87C575) 

- ROMIess (80C575) 

- 256 X 8 RAM 

- Three 16-bit counter/timers 

- Programmable Counter Atray 

- Enhanced UART 

- Boolean processor 

- Oscillator fail detect 

- Low active reset 

- Asynchronous low port reset 

- Schmitt trigger inputs 

- 4 analog comparators 

- Watchdog timer 

- Low Vcc detect 

• Memory addressing capability 

- 64k ROM and 64k RAM 

• Power control modes; 

- Idle mode 

- Power-down mode 

• CMOS and TTL compatible 
•4.0 to 16MH2 

• Extended temperature ranges 

• OTP package available 


PIN CONFIGURATIONS 


CMP0+/P1.0/T2|T 


^Vdo 


CMP0-/Pl.irT2EX[T 


^ P0.0/AD0 


ECI/P1.2 [3 


^ P0.1/AD1 

CMP0/CEX0/P1.3[T 


^ P0.2/AD2 

CMP1/CEX1/P1.4|T 


^ P0.3/AD3 

CMP2/CEX2/P1.5[T 


^ P0.4/AD4 

CiyiP3/CEX34>1.6[7 


^ P0.5/AD5 

CEX4/P1.7 [T 


^ P0.6/AD6 


T15T [£ 


^ P0.7rAD7 


RxD/P3.o[w 

DUAL 


^ EAAfpp 


TxD/P3.1 [lT 

IN-UNE 

PACKAGE 

^ ALE/PRdG 


TNTO/P3,2 [12 


^ PSER 


Wn7P3.3 [l3 


^ P2.7/A15 

CMPR-rro/P3.4[^ 


^ P2.6/A14 

CMP1+/Tl/P3.5[l5 


^ P2.5/A13 

CMP2+/WR/P3.6[^ 


^ P2.4/A12 

CMP3+/mJ/P3.7[27 


^ P2.3/A11 


XTAL2 [w 


^ P2.2/A10 


XTAL1 [« 


^ P2,1/A9 




^ PSL0/A8 


6 1 40 

n n n 

44 

B 

34 

fl 


yq 


39 1 = 




“33 

17 

LCC 



PQFP 


c 


29 “ 

L 

y 

= 23 


'm rr 

I) 

11 



18 28 

12 

22 



ORDERING INFORMATION 


ROMIess 

ROM 

EPROM 

TEMPERATURE RANGE “C 

AND PACKAGE^ 

FREQ 

(MHz) 

DRAWING 

NUMBER 

P80C575EBPN 

P83C575EBPN 

P87C575EBPN 

0 to +70, 40-Pln Plastic Dual In-line Package, OTP 

16 

041 5C 

P80C575EBAA 


P87C575EBAA 

0 to +70, 44-Pin Plastic Leaded Chip Carrier, OTP 

16 

0403G 



P87C575EBFFA 

0 to +70, 40-Pin Ceramic Dual In-line Package, UV 

16 

0590B 



P87C575EBLKA 

0 to +70, 44-Pin Ceramic Leaded Chip Carrier, UV 

16 

1472A 

P80C575EHPN 

P83C575EHPN 

P87C575EHPN 

-40 to +125, 40-Pin Plastic Dual In-line Package, OTP 

16 


P80C575EHAA 

P83C575EHAA 

P87C575EHAA 

-40 to +125, 44-Pin Plastic Leaded Chip Carrier, OTP 





P87C575EHFFA 

-40 to +125, 40-Pin Ceramic Dual In-line Package. UV 

16 

0590B 



P87C575EHLKA 

-40 to +125, 44-Pin Ceramic Leaded Chip Carrier, UV 

16 

1472A 

P80C575EBBB 

P83C575EBBB 

P87C575EBBB 

0 to +70, 44-Pin Plastic Quad Flat Pack. OTP 

16 

1118D 


1 . OTP - One Time Programmable EPROM. UV - Erasable EPROM 
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Product specification 


CMOS single-chip 8-bit microcontroller 


80C575/83C575/87C575 


CERAMIC AND PLASTIC LEADED CHIP 
CARRIER PIN FUNCTIONS 


PLASTIC QUAD FLAT PACK 
PIN FUNCTIONS 




6 

Q__ 

1 

40 

n 





O 




7[: 




□ 39 




LCC 




17 L 




□ 29 



U 

18 


u 

28 


Pin 

Function 



Pin 

Function 

1 

NC 



23 

NC 

2 

T2/P1.0CMP0+ 


24 

P2.0/A8 

3 

T2EX/P1.1/CMP0- 


25 

P2.1/A9 

4 

P1.2/ECI 



26 

P2.2/A10 

5 

P1.3/CMP0/CEX0 


27 

P2.3/A11 

6 

P1.4/CMP1/CEX1 


28 

P2.4/A12 

7 

P1.5/CMP2/CEX2 


29 

P2.5/A13 

8 

P1.6/CMP3/CEX3 


30 

P2.6/A14 

9 

P1.7/CEX^ 



31 

P2-7/A15 

10 

H5T 



32 

PSEN 

11 

RxD;P3.0 



33 

ALE/PRDG 

12 

NC 



34 

NC 

13 

TXD/P3.1 



35 

ERA/pp 

14 

11Tro/P3.2 



36 

P0,7/AD7 

15 

TNT1/P3.3 



37 

P0.6/AD6 

16 

T0/P3.4/CMPR- 


38 

P0.5/AD5 

17 

T1/P3.5/CMP1+ 


39 

P0.4/AD4 

18 

WR/P3.6/CMP2+ 


40 

P0.3/AD3 

19 

■RD/P3.7CMP3+ 


41 

P0.2/AD2 

20 

XTAL2 



42 

P0.1/AD1 

21 

XTAL1 



43 

P0.O/AD0 

22 

vss 



44 

Vcc 




44 

D 

34 

n 



1 


A 

=□ 33 



PQFP 




11 >=«= 

k, 


= 3=1 23 



1) 

12 

y 

22 


Pin 

Function 


Pin 

Function 

1 

P1.5/CMP2/CEX2 

23 

P2.5/A13 

2 

P1.6/CMP3/CEX3 

24 

P2.6/A14 

3 

P1.7/CEX- 


25 

P2.7/A15 

4 

R5T 


26 

P5ETJ 

5 

RxD/P3.0 


27 

ALE/PRCX3 

6 

NC 


28 

NC 

7 

TXD/P3.1 


29 

ETWpp 

8 

TRT0/P3.2 


X 

P0.7/AD7 

9 

1NT1/P3.3 


31 

P0.6/AD6 

10 

T0/P3.4/CMPR- 

32 

P0.5/AD5 

11 

T1/P3.5/CMP1+ 

33 

P0.4yAD4 

12 

WR/P3.6/CMP2+ 

34 

P0.3/AD3 

13 

RD/P3.7CMP3+ 

35 

P0.2/AD2 

14 

XTAL2 


36 

P0.1/AD1 

15 

XTAL1 


37 

PO.O/ADO 

16 

Vss 


38 

Vcc 

17 

NC 


39 

NC 

18 

P2.0/A8 


40 

T2/P1.0CMP0+ 

19 

P2.1/A9 


41 

T2EX/P1.1/CMP0- 

20 

P2.2/A10 


42 

P1.2/EC1 

21 

P2.3/A11 


43 

P1.3^MP0/CEX0 

22 

P2.4/A12 


44 

P1.4/CMP1 


LOGIC SYMBOL 


ADDRESS AND 
■ DATA BUS 


R5T 

ES/Vpp 

0, ALE/PRDG- 

SFrxD — ► 

S TxD^< — 
|TRT0— ► ^ 
;^IRTT— 

“5 TO->g 
. g T1— 

. 8Lwd<— 



CMP0+ 

CMPO- 

Ea 

CMPO/CEXO 

CMP1/CEX1 

CMP2/CEX2 

CMP3/CEX3 

CEX4 
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Product specification 


CMOS single-chip 8-bit microcontroller 80C575/83C575/87C575 


PIN DESCRIPTIONS 



PIN NUMBER 



MNEMONIC 

DIP 

LCC 

QFP 

TYPE 

NAME AND FUNCTION 

Vss 

20 

22 

16 

1 

Ground: OV reference. 

Vcc 

40 

44 

38 

1 

Power Supply: This is the power supply voltage for normal, Idle, and power-down 
operation. 

PO.0-0.7 

39-32 

43-36 

37-30 

I/O 

Port 0: Port 0 is an open-drain bidirectional I/O port. Port 0 pins that have 1 s written to them 
float and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order 
address and data bus during accesses to external program and data memory. In this 
application, it uses strong internal pull-ups when emitting 1 s. Port 0 also receives code 
bytes during EPROM programming and outputs code bytes during program verification. 
External pull-ups are required during program verification. During reset, prot 0 will be 
asynchronously driven low and will remain low until written to by software. All port 0 pins 
have Schmitt trigger inputs with 200mV hysteresis. A weak pulldown on port 0 guarantees 
positive leakage current (see DC Electrical Characteristics; Ili). 

P1.0-P1.7 

1-8 

2-9 

40-44 

1-3 

I/O 

Port 1 : Port 1 is an 8-bit bidirectional I/O port. Port 1 pins have internal pull-ups such that 
pins that have 1 s written to them can be used as inputs but will source current when 
externally pulled low (see DC Electrical Characteristics; I|l). Port 1 receives the low-order 
address byle during program memory verification and EPROM programming. During reset, 
port 1 will be asynchronously driven low and will remain low until written to by software. All 
port 1 pins have Schmitt trigger inputs with 50mV hysteresis. Port 1 pins also serve 
alternate functions as follows; 


1 

2 

40 

I/O 

P1.0 T2 Timer 2 external I/O 

CMPO-f Comparator 0 positive input 


2 

3 

41 

1 

P1.1 T2EX Timer 2 capture input 

CMPO- Comparator 0 negative input 


3 

4 

42 

1 

PI .2 ECl PCA count input 


4 

5 

43 

I/O 

Pi .3 CEXO PCA module 0 external I/O 

CM PO Comparator 0 output 


5 


44 

I/O 

PI .4 CEX1 PCA module 1 external I/O 

CM Pi Comparator 1 output 


6 

7 

1 

I/O 

PI .5 CEX2 PCA module 2 external I/O 

CMP2 Comparator 2 output 


7 

8 

2 

I/O 

PI .6 CEX3 PCA module 3 external I/O 

CMP3 Comparator 3 output 


8 

9 

3 

I/O 

PI .7 CEX4 PCA module 4 external I/O 

P2.0-P2.7 

21-28 

24-31 

18-25 

I/O 

Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 1 s 
written to them can be used as inputs, but will source current when externally pulled low 
(see DC Electrical Characteristics; I|l). Port 2 emits the high-order address byte during 
accesses to external program and data memory that use 16-bit addresses (MOVX 
@DPTR). In this application, it uses strong internal pull-ups when emitting 1s. Port 2 
receives the high-order address byte during program verification and EPROM programming. 
During reset, port 2 will be asynchronously driven low and will remain low until written to by 
software. Port 2 can be made open drain by writing to the P20D register (AIM). In open 
drain mode, weak pulldowns on port 2 guarantee positive leakage current (see DC Electrical 
Characteristics Ili). 

P3.0-P3.7 

10-17 

11. 

13-19 

i 

5. 

7-13 

I/O 

Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins except P3. 1 
that have Is written to them can be used as inputs but will source current when externally 
pulled low (see DC Electrical Characteristics; I|l). P3.1 will be a high impedance pin except 
while transmitting serial data, in which case the strong pull-up will remain on continuously 
when outputting a 1 level. The P3.1 output drive level when transmitting can be set to one of 
two levels by tiie writing to the P3.1 register bit. During reset all pins (except P3.1) will be 
asynchronously driven low and will remain low until written to by software. All port 3 pins 
have Schmitt trigger inputs with 200m\/ hysteresis, except P3.2 and P3.3, which have 50mV 
hysteresis. Port 3 pins serve alternate functions as follows; 
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PIN DESCRIPTIONS (Continued) 



PIN NUMBER 



MNEMONIC 

DIP 

LCC 

QFP 

TYPE 

NAME AND FUNCTION 


10 

11 

5 

1 

Port 3: (continued) 

P3.0 RxD Serial receive port 


11 

13 

7 

O 

P3.1 TxD Serial transmit port 


12 

14 

8 

1 

P3.2 INTO External interrupt 0 


13 

15 

9 

1 

P3.3 INTI External Interrupt 1 


14 

16 

10 

1 

P3.4 TO Timer/counter 0 input 


15 

17 

11 

1 

CM PR- Common - reference to comparators 1 , 2, 3 

P3.5 T1 Timer/counter 1 input 


16 

18 

12 

o 

CMPI-f Comparator 1 positive input 

P3.6 WR External data memory write strobe 


17 

19 

13 

o 

CMP2-I- Comparator 2 positive input 

P3.7 TTD External data memory read strobe 

RST 

9 

10 

4 

1 

CMP3+ Comparator 3 positive input 

Reset: A low on this pin asynchronously resets all port pins to a low state except P3.1 . The 

ALE/PROG 

30 

33 

27 

I/O 

pin must be held low with the oscillator running for 24 oscillator cycles to initialize the 
internal registers. An internal diffused resistor to Vqc permits a power on reset using only an 
external capacitor to Vss. RST has a Schmitt trigger input stage to provide additional noise 
immunity with a slow rising input voltage. 

Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the 

PSEN 

29 

32 

26 

o 

address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is skipped during each access to external data memory. ALE is 
switched off if the bit 0 in the AUXR register (8EH) is set. This pin is also the program pulse 
input (PROG) during EPROM programming. 

Program Store Enable: The read strobe to external program memory. When the device is 

EAA/pp 

31 

35 

29 

1 

executing code from the external program memory, PSEN is activated twice each machine 
cycle, except that two PSbN activations are skipped during each access to external data 
memory. PSEN is not activated during fetches from internal program memory. 

External Access Enable/Programming Supply Voltage: EA must be externally held low 

XTAL1 

19 

21 

15 

1 

to enable the device to fetch code from external program memory locations CX)00H to 

1 FFFH. If EA is held high, the device executes from internal program memory unless the 
program counter contains an address greater than 1 FFFH. This pin also receives the 

12.75V programming supply voltage (Vpp) during EPROM programming. 

Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator 

XTAL2 

18 

20 

14 

o 

circuits. 

Crystal 2: Output from the inverting oscillator amplifier. 


POWER ON CLEAR / 

POWER ON FLAG 

An on-chip Power On Detect Circuit resets 
the 8XC575 and sets the Power Off Flag 
(PCON.4) on power up or If Vcc drops to 
zero momentarily. The POF can only be 
cleared by software. The RST pin is not 
driven by the power on detect circuit. The 
POF can be read by software to determine 
that a power failure has occurred and can 
also be set by software. 


LOW VOLTAGE DETECT 

An on-chip Low Voltage Detect circuit sets 
the Low Voltage Flag (PCON.3) If Vcc drops 
below Vlow {see DC Electrical 
Characteristics) and resets the 8XC575 if the 
Low Voltage Reset Enable bit (WDCON.4) is 
set. If the LVRE is cleared, the reset is 
disabled but LVF will still be set if Vcc is low. 
The RST pin is not driven by the low voltage 
detect circuit. The LVF can be read by 
software to determine that Vcc was low. The 
LVF can be set or cleared by software. 


OSCILLATOR FAIL DETECT 

An on-chip Oscillator Fall Detect circuit sets 
the Oscillator Fail Flag (PCON.5) If the 
oscillator frequency drops below OSCF for 
one or more cycles (see AC Electrical 
Characteristics: OSCF) and resets the 
8XC575 if the Oscillator Fail Reset Enable bit 
(WDCON.3) is set. If OFRE is cleared, the 
reset is disabled but OSF will still be set if the 
oscillator fails. The RST pin is not driven by 
the oscillator fail detect circuit. The OSF can 
be read by software to determine that an 
oscillator failure has occurred. The OSF can 
be set or cleared by software. 
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WATCHDOG TIMER 

The watchdog timer is not directly loadable 
by the user. Instead, the value to be loaded 
into the main timer is held in an autoload 
register or is part of the mask ROM 
programming. In order to cause the main 
timer to be loaded with the appropriate value, 
a special sequence of software action must 
take place. This operation is referred to as 
feeding the watchdog timer. 

To feed the watchdog, two instructions must 
be sequentially executed successfully. No 
intervening instruction fetches are allowed, so 
interrupts should be disabled before feeding 
the watchdog. The instructions should move 
ASH to the WFEED1 register and then 5AH 
to the WFEED2 register. If WFEED1 is 
correctly loaded and WFEED2 is not correctly 
loaded, then an immediate underflow will 
occur. 

The watchdog timer subsystem has two 
modes of operation. Its principal function is a 
watchdog timer. In this mode it protects the 
system from incorrect code execution by 
causing a system reset when the watchdog 
timer underflows as a result of a failure of 
software to feed the timer prior to the timer 
reaching its terminal count. If the user does 
not employ the watchdog function, the 
watchdog subsystem can be used as a timer. 
In this mode, reaching the terminal count sets 
a flag. In most other respects, the timer mode 
possesses the characteristics of the 
watchdog mode. This is done to protect the 
integrity of the watchdog function. 

The watchdog timer subsystem consists of a 
prescaler and a main counter. The prescaler 
has 8 selectable taps off the final stages and 
the output of a selected tap provides the 
clock to the main counter. The main counter 
is the section that is loaded as a result of the 
software feeding the watchdog and it is the 
section that causes the system reset 
(watchdog mode) or time-out flag to be set 
(timer mode) If allowed to reach its terminal 
count. 

Programming the Watchdog Timer 

Both the EPROM and ROM devices have a 
set of SFRs for holding the watchdog 
autoload values and the control bits. The 
watchdog time-out flag is present In the 
watchdog control register and operates the 
same in all versions. In the EPROM device, 
the watchdog parameters (autoload value 
and control) are always taken from the SFRs. 
In the ROM device, the watchdog parameters 
can be mask programmed or taken from the 
SFRs. The selection to take the watchdog 
parameters from the SFRs or from the mask 
programmed values is controlled by EA 
(external access). When EA is high (internal 


ROM access), the watchdog parameters are 
taken from the mask programmed values. If 
the watchdog is mask programmed to the 
timer mode, then the autoload values and the 
pre-scaler taps are taken from the SFRs. 
When EA is low (external access), the 
watchdog parameters are taken from the 
SFRs. The user should be able to leave code 
in his program which initializes the watchdog 
SFRs even though he has migrated to the 
mask ROM part. This allows no code 
changes from EPROM prototyping to ROM 
coded production parts. 

Watchdog Detailed Operation 

EPROM Device (and ROMIess Operation: 
EA = 0) 

In the ROMIess operation (ROM part, EA = 0) 
and in the EPROM device, the watchdog 
operates in the following manner. 

Whether the watchdog is in the watchdog or 
timer mode, when external RESET is applied, 
the following takes place: 

• Watchdog mode bit set to watchdog mode. 

• Watchdog run control bit set to ON. 

• Autoload register set to 00 (min. count). 

• Watchdog time-out flag cleared. 

• Prescaler is cleared. 

• Prescaler tap set to the highest divide. 

• Autoload takes place. 

The watchdog can be fed even though it is in 
the timer mode. 

Note that the operational concept is for the 
watchdog mode of operation, when coming 
out of a hardware reset, the software should 
load the autoload registers, set the mode to 
watchdog, and then feed the watchdog 
(cause an autoload). The watchdog will now 
be starting at a known point. 

If the watchdog is in the watchdog mode and 
running and happens to underflow at the time 
the external RESET is applied, the watchdog 
time-out flag will be cleared. 

When the watchdog is in the watchdog mode 
and the watchdog underflows, the following 
action takes place: 

• Autoload takes place. 

• Watchdog time-out flag Is set 

• Mode bit unchanged. 

• Watchdog run bit unchanged. 

• Autoload register unchanged. 

• Prescaler tap unchanged. 
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• All other device action same as external 
reset. 

Note that if the watchdog underflows, the 
program counter will start from OOH as in the 
case of an external reset. The watchdog 
time-out flag can be examined to determine if 
the watchdog has caused the reset condition. 
The watchdog time-out flag bit can be cleared 
by software. 

When the watchdog is in the timer mode and 
the timer software underflows, the following 
action takes place: 

• Autoload takes place. 

• Watchdog time-out flag is set 

• Mode bit unchanged. 

• Watchdog run bit unchanged. 

• Autoload register unchanged. 

• Prescaler tap unchanged. 

Mask ROM Device (EA = 1) 

In the mask ROM device, the watchdog mode 
bit (WDMOD) is mask programmed and the 
bit in the watchdog command register is read 
only and reflects the mask programmed 
selection. If the mask programmed mode bit 
selects the timer mode, then the watchdog 
run bit (WDRUN) operates as described 
under EPROM Device. If the mask 
programmed bit selects the watchdog mode, 
then the watchdog run bit has no effect on the 
timer operation. 

Watchdog Function 

The watchdog consists of a programmable 
prescaler and the main timer. The prescaler 
derives its clock from the on-chip oscillator. 
The prescaler consists of a divide by 12 
followed by a 1 3 stage counter with taps from 
stage 6 through stage 13. The tap selection is 
programmable. The watchdog main counter 
is a down counter clocked (decremented) 
each time the programmable prescaler 
underflows. The watchdog generates an 
underflow signal (and is autoloaded) when 
the watchdog is at count 0 and the clock to 
decrement the watchdog occurs. The 
watchdog is 8 bits long and the autoload 
value can range from 0 to FFH. (The 
autoload value of 0 is permissible since the 
prescaler is cleared upon autoload). 

This leads to the following user design 
equations. Definitions :tbsc «s the oscillator 
period. N is the selected prescaler tap value, 
W is the main counter autoload value, t^iN is 
the minimum watchdog time-out value (when 
the autoload value is 0), t^^x is the maximum 
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time-out value (when the autoload value is 
FFH), to is the design time-out value. 

twiiN = toscx 12x64 

Imax = Imin X 128 X 256 

to = tMlN X 2Pf’ESCALER x W + 1 

(where prescaler = 0, 1 , 2, 3, 4, 5, 6, or 7) 

Note that the design procedure is anticipated 
to be as follows. A tvi^x will be chosen either 
from equipment or operation considerations 
and will most likely be the next convenient 
value higher than tg. (If the watchdog were 
inadvertently to start from FFH. an overflow 
would be guaranteed, barring other 
anomalies, to occur within tMAx)- Then the 
value for the prescaler would be chosen from: 

prescaler = log2 (Imax / (tosc x 1 2 x 256)) - 6 

This then also fixes Imin- An autoload value 
would then be chosen from: 

W = tD/tMlN-1 

The software must be written so that a feed 
operation takes place every to seconds from 
the last feed operation. Some tradeoffs may 
need to be made. It is not advisable to 
include feed operations in minor loops or in 
subroutines unless the feed operation is a 
specific subroutine. 

Watchdog Control Register (WDCON) 

(Bit Addressable) Address CO 

The following bits of this register are read 
only in the ROM part when EA is high: 
WDMOD, PREO, PREI, and PRE2. That is. 
the register will reflect the mask programmed 
values. In the ROM part with EA high, these 
bits are taken from mask coded bits and are 
not readable by the program. WDRUN is read 
only In the ROM part when EA Is high and 
WDMOD is in the watchdog mode. When 
WDMOD is in the timer mode, WDRUN 
functions normally. 

The parameters written into WDMOD, PREO, 
PRE1 , and PRE2 by the program are not 
applied directly to the watchdog timer 
subsystem. The watchdog timer subsystem is 
directly controlled by a second register which 
stores these bits. The transfer of these bits 
from the user register (WDMOD) to the 
second control register takes place when the 
watchdog is fed. This prevents random code 
execution from directly foiling the watchdog 
function. This does not affect the operation 
where these bits are taken from mask coded 
values. 

The reset values of the WDCON and WDL 
registers will be such that the timer resets to 
the watchdog mode with a timeout period of 


1 2 X 64 x 1 28 X tosc- The watchdog timer will 
not generate an interrupt. Additional bits in 
WDCON are used to disable reset generation 
by the oscillator fail and low voltage detect 
circuits. WDCON can be written by software 
only by executing a valid watchdog feed 
sequence. 

WDCON Register Bit Definitions 


WDCON.7 

PRE2 

Prescaler Select 2, 
reset to 1 

WDCON.6 

PREI 

Prescaler Select 1 , 
reset to 1 

WDCON.5 

PREO 

Prescaler Select 0, 
reset to 1 

WDCON.4 

LVRE 

Low Voltage Reset 
Enable, reset to 1 
(enabled) 

WDCON.3 

OFRE 

Oscillator Fail Reset 
Enable, reset to 1 
(enabled) 

WDCON.2 

WDRUN 

Watchdog Run, 
reset to 1 (enabled) 

WDCON.1 

WDTOF 

Watchdog Timeout 
Flag, reset to 0 

WDCON.O 

WDMOD 

Watchdog Mode, 
reset to 1 (watchdog 
mode) 


INTERNAL RESET 

Internal resets generated by the power on, 
low voltage, and oscillator fail detect circuits 
are self timed to guarantee proper 
initialization of the 8XC575. Reset will be held 
approximately 24 oscillator periods after 
normal conditions are detected by all enabled 
detect circuits. Internal resets do not drive 
RST but will cause missing pulses on ALE. 


ANALOG COMPARATORS 

Four analog comparators are provided on 
chip, three comparators have a common 
negative reference CMPR- and independent 
positive inputs CMP1+, CMP2+, CMP3+ on 
port 3. The fourth comparator has 
independent positive and negative inputs 
CMP0+ and CMPO- on port 1. The CMP 
register contains an output and enable bit for 
each comparator. The CMP register is bit 
addressable and is located at SFR address 
E8H. 

Pullups at the comparator input pins will be 
disabled by hardware when the comparator is 
enabled. In addition, to make inputs high 
Impedance, the corresponding port SFR bits 
must be set by software to disable the 
pulldowns. 
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CMP Register Bit Definitions 

CMP.7 enable comparator 3, 

disable pullups at P3.4, P3.7 
CMP.6 enable comparator 2, 

disable pullups at P3.4, P3.6 
CMP.5 enable comparator 1 , 

disable pullups at P3.4, P3.5 
CMP.4 enable comparator 0, 

disable pullups at P 1.0, P 1.1 
CMP.3 comparator 3 output (readonly) 
CMP.2 comparator 2 output (readonly) 
CMP.1 comparator 1 output (readonly) 
CMP.O comparator 0 output (readonly) 

All comparators are disabled automatically in 
powerdown mode, in idle mode unused 
comparators should be disabled by software 
to save power. A comparator can generate an 
interrupt that will terminate idle mode when 
used to drive a PCA capture input. 

The CMPE register contains bits to enable 
each comparator to drive external output pins 
or internal PCA capture inputs. Pullups at the 
output pins are disabled by hardware when 
the external comparator output is enabled. 
The comparator output is wire-ORed with the 
corresponding port SFR bit, so the SFR bit 
must also be set by software to enable the 
output. 

CMPE Register Bit Definitions 

CMPE. 7 enables comparator 3 to drive 
CEX3 

CMPE.6 enables comparator 2 to drive 
CEX2 

CMPE. 5 enables comparator 1 to drive 
CEX1 

CMPE.4 enables comparator 0 to drive 
CEXO 

CMPE.3 enables comparator 3 output on 
PI. 6 (open drain) 

CMPE.2 enables comparator 2 output on 
P1.5 (open drain) 

CMPE. 1 enables comparator 1 output on 
PI. 4 (open drain) 

CMPE.O enables comparator 0 output on 
PI. 3 (open drain) 

When Is are written to CMPE bits 7-4, the 
comparator outputs will drive the 
corresponding capture input. When 1 s are 
written to CMPE bits 3-0 the comparator 
output will also drive the corresponding port 1 
pin. If the comparator s enabled to drive the 
capture input but not the port pin, then the 
port pin can be used for general purpose I/O. 
When a comparator output is enabled, 
pullups at the output pin are disabled and the 
output becomes open drain. 
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Interrupt Enable (IE) Register 
EA IE.7 enable all interrupts 
EC IE.6 enable PCA interrupt 
ET2 IE.5 enable Timer 2 interrupt 
ES IE.4 enable Serial I/O interrupt 
ET1 IE.3 enable Timer 1 interrupt 
EX1 IE.2 enable External interrupt 1 
ETO IE.1 enable Timer 0 interrupt 
EXO lE.O enable External interrupt 0 


Interrupt Priority (IP) Register 



IP.7 

reserved 

PPC 

IP.6 

PCA interrupt priority 

PT2 

IP.5 

Timer 2 interrupt priority 

PS 

IP.4 

Serial I/O interrupt priority 

PT1 

IP.3 

Timer 1 1nterrupt priority 

PX1 

IP.2 

External interrupt 1 priority 

PTO 

IP.1 

Timer 0 Interrupt priority 

PXO 

IP.O 

External interrupt 0 priority 


Priority Source 

Flag 

Vector 

1 

INTO 

lEO 

03H highest priority 

2 

Timer 0 

TFO 

OBH 

3 

INTI 

IE1 

13H 

4 

Timer 1 

TF1 

1BH 

5 

PCA 

CF.CCFn 

33H 

6 

Serial I/O 

Rl.TI 

23H 

7 

Timer 2 

TF2/EXF2 

2BH lowest priority 


Power Control (PCON) Register 


SMOD1 

SMODO 

OSF 

POP 

LVF 

GFO 

PD 

IDL 


PCON.7 double baud rate bit 
PCON. 6 SCON. 7 access control 
PCON.5 oscillator fail flag 
PCON.4 power off flag 
PCON. 3 low voltage flag 
PCON. 2 general purpose flag 
PCON.1 powerdown mode bit 
PCON.O idle mode bit 


Auxiliiary Register Bit Definitions 
(AUXR = 8EH) 

AO AUXR.0 ALE Off. 

when set turns off ALE 
LO AUXR.1 Low Speed, 

reduces internal clock drive 

Port 2 Pullup Disable Register 
(P2OD = 0A1H) 

Port 2 pullups can be disabled by writing 
ones to P20D. Each bit in P20D controls the 
corresponding bit in P2. P20D resets to all 
zeros enabling Port 2 pullups. Writing one to 
a P20D bit disables pullups at the 
corresponding port 2 bit making the output 
open drain. 


OSCILLATOR 

CHARACTERISTICS 

XTAL1 and XTAL2 are the input and output, 
respectively, of an Inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol, 
page 901. 

To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock drcultry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 


IDLE MODE 

In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the Idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN MODE 

In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. The control bits for the reduced 
power modes are in the special function 
register PCON. Power-down mode can be 
terminated with either a hardware reset or 
external interrupt. With an external Interrupt 
Into or INTf must be enabled and 
configured as level sensitive. Holding the pin 
low restarts to oscillator and bringing the pin 
back high completes the exit. 


DESIGN CONSIDERATIONS 

At power-on, the voltage on Vcc innust come 
up with RST low for a proper start-up. 

Table 1 shows the state of I/O ports during 
low current operating modes. 


Table 1. External Pin Status During Idle and Power-Down Modes 


MODE 

PROGRAM MEMORY 

ALE 

P5ER 

PORTO 

PORT1 

PORT 2 

PORT 3 

Idle 

Internal 

1 

1 

Data 

Data 

Data 

Data 

Idle 

External 

1 

1 

Float 

Data 

Address 

Data 

Power-down 

Internal 

0 

0 

Data 

Data 

Data 

Data 

Power-down 

External 

0 

0 

Float 

Data 

Data 

Data 
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ROM CODE SUBMISSION 

When submitting ROM code for the 83C575, the following must be specified; 

1 . 8k byte user ROM data 

2. 32 byte ROM encryption key 

3. ROM security bits 


4. The watchdog timer parameters. 


ADDRESS 

CONTENT 

BIT(S) 

COMMENT 

OOOOHtolFFFH 

DATA 

7;0 

User ROM Data 

2000H to 201 FH 

KEY 

7;0 

ROM Encryption Key 

FFH = no encryption 

2020H 

SEC 

0 

ROM Security Bit 1 

2020H 

SEC 

1 

ROM Security Bit 2 

0 = enable security 

1 = disable security 

2030H 

WMOD 

0 

Watchdog mode bit; 

OOH = timer mode 

01 H = watchdog mode 

2031 H 

PRE2;0 

2;0 

Watchdog prescaler selection ; 

OOH = divide by 1 2 x 64 

07H= divide by 12x64x128 
(see specification) 

2032H 

WD 

7;0 

Watchdog autoload value 
(see specification) 


Security Bit 1 : When programmed, this bit has two effects on masked ROM parts; 

1. External MOVC Is disabled, and 

2. EA# is latched on Reset. 

Security Bit 2: When programmed, this bit inhibits Verify User ROM. 


ABSOLUTE MAXIMUM RATINGS' 2, 3 


PARAMETER 

RATING 

UNIT 

Operating temperature under bias 

-55 to -hi 25 

°C 

Storage temperature range 

-65 to +150 

°c 

Voltage on EAA/pp pin to Vss 

0 to +13.0 

V 

Voltage on any other pin to Vss 

-0.5 to +6.5 

V 

Maximum Iql per I/O pin 

15 

mA 

Power dissipation (based on package heat transfer limitations, not 
device power consumption) 

1.5 

W 


NOTES: 


1 . Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 
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DC ELECTRICAL CHARACTERISTICS 

Tamb = 0°C to +70°C and -40°C to +1 25°C. Vqc = 5V ±20%. Vss = OV 




TEST 

LIMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP1 

MAX 

UNIT 

VlL 

Input low voltage (Ports 0, 2, 3, except 3.2, 3.3) 


-0.5 


0.5VCC-O.6 

V 

V|L1 

Input low voltage (Ports 1 , 3.2, 3.3) 


-0.5 


0.65Vccr-0.5 

V 

V|L2 

Input low voltage (EA) 


0 


0.2VCC-0.45 

V 

V|L3 

Input low voltage (XTAL1 , RST) 


-0.5 


0.2Vcc-0.1 

V 

ViH 

Input high voltage (Ports 0, 2, 3, except 3.2, 3.3) 


O.SVcc+O.S 


Vcc+0.5 

V 


Input high voltage (Ports 1 , 3.2, 3.3) 


0.8VCC+0.3 


Vcc+0.5 

V 


Input high voltage (EA) 


0.2Vcc+0-9 


Vcc+0.5 

V 

QQIIIIIIIIIIII 

Input high voltage (XTAL1 , RST) 


6-^cc 


Vcc+6-5 

V 


Hysteresis (Ports 0, 2, 3, except 3.2, 3.3) 


200 



mV 


Hysteresis (Ports 1, 3.2, 3.3) 


50 



mV 

VoL 

Output voltage low (Ports 1, 2, 3, except 3.1) 

Iql = 1 .6mA 



0.45 

V 

Vqli 

Output voltage low (Ports 0, ALE, P5EFP 

loL = 3.2mA 



0.45 

V 

VoL2 

Output voltage low 







P3.1 with bit cleared 

Iql = 10.0mA 



0.50 

V 


P3,1 with bit set 

loL = 1 .6mA 



0.45 

V 

VoH 

Output voltage high (Ports 1 , 2, 3, except P3.1) 

loH = -30)iA 

Vcc-0.7 



V 



•oh = -10mA 

Vcc-0.3 



V 

VoH1 

Output voltage high (Port 0 in external bus mode, ALE, 

•oh = -3.2mA 

Vcc-0.7 



V 


PEER) 

•oh = -200pA 

Vcc-0 3 



V 

VoH2 

Output voltage high 







P3.1 with bit cleared 

•oh = —10.0mA 

Vcc-1-5 



V 


P3.1 with bit set 

loH = -1 -6mA 

Vcc-1.5 



V 

Vio 

Offset voltage comparator inputs 


-35 


+35 

mV 

VcR 

Common mode range comparator inputs 


0 


Vcc 

V 

l|L 

Logical 0 input current (Ports 1,2,3, except 3. 1 ) 




-75 

pA 

ill 

Logical 1-to-O transition current 
(Ports 2, 3, except 3.1 , 3.2, 3.3) 




-600 

pA 

Itli 

Logical 1-to-O transition current (Ports 1 , 3.2, 3.3) 




-450 

pA 

Ili 

Input leakage current (Port 0, Port2 in open 
drain mode)^ 

0.45 <V|N< Vcc 

2 


40 

pA 

•l2 

Input leakage current (EA, P3. 1 ) 

0.45 < V|N < Vcc 

-10 


+ 10 

pA 

Ilc 

Input leakage current comparator inputs 

0 < V|N < Vcc 

-1.0 


+1.0 

pA 

•cc 

Power supply current;^ 

Active mode @ IGMHz^ 

See note 6 


20 

30 

mA 


Idle mode @ 16MHz 



8 

12 

mA 


Power-down mode 



5 

75 

pA 

Rrst 

Internal reset pull-up resistor 

< 

z 

II 

o 

< 

50 


200 

m 

Vlow 

Low Vcc detect voltage 


4.0 


4.45 

V 

Cio 

Pin capacitance^® 

f=1MHz 



10 

pf 


NOTES: (SEE NEXT PAGE) 
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NOTES TO THE DC ELECTRICAL CHARACTERISTICS TABLE: 

1 . Typical ratings are not guaranteed. The values listed are at room temperature, 5V. 

2. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the Vqls of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1 -to-O transitions during bus operations. In the 
worst cases (capacitive loading > lOOpF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. Iql can exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs ex ^ed th e test conditions. 

3. Capacitive loading on ports 0 and 2 may cause the Vqh on ALE and FSEN to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 

4. Pins of ports 1 , 2 and 3 source a transition current when they are being externally driven from 1 to 0. The transition current reaches its 
maximum value when V|n is between V|h and V|l. 

5. IccMAX at other frequendes can be determined from Figure 8. 

6. See Figures 9 through 1 2 for Ice test c onditio ns. 

7. Load capacitance for port 0, ALE, and PSEN = 1 0OpF, load capacitance for all other outputs = 80pF. 

8. Linder steady state (non-transient) conditions, Iql must be externally limited as follows: 

Maximum Iql par port pin: 10mA 

Maximum Iql par 8-bit port: 26mA 

Maximum total Iql for all outputs: 71 mA 

If Iql exceeds the test condition, Vql may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 

9. Specification applies to Port 2 when P20D bit is set. 

10. 15pF MAX for the ETWpp and PO.O pins. 
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AC ELECTRICAL CHARACTERISTICS 

Tamb = 0°C to +70°C and -40°C to -^1 25 ^ 0 , Vcc = 5V ±20%. Vss = OV^ • 2 


PARAMETER 



Wiv 


tPLAZ I 

Data Memory 



tWHQX 

tRLAZ 


twHLH I ‘ 

External Clock 


Shift Register 


Oscillator frequency : Speed Versions 
8XC575 E 


Oscillator fail detect frequency 


Comparator response time 


ALE pulse width 


Address valid to ALE low 


Address hold after ALE low 


ALE low to valid instruction in 


ALE low to PSEN low 
PSEN pulse width 


pSen low to valid instruction in 


Input instruction hold after PSEN 


Input instruction float after PSEN 


Address to valid instruction In 


PSEN low to address float 


PfD pulse width 
WR pulse width 


RD low to valid data in 


Data hold after RU 
Data float after RD 
ALE low to valid data in 


Address to valid data in 


ALE low to RD or WR low 


Address valid to WR low or RD low 


Data valid to WR transition 


Data hold after WR 


RD low to address float 


RD or WR high to ALE high 


High time 


VARIABLE CLOCK 



^fCLCL~^ OQ 
6tCLCL“100 





■•2tcLCL 


IOtcLCL-133 


Serial port clock cycle time 
Output data setup to clock rising edge 


Output data hold after clock rising edge 


Input data hold after clock rising edge ^ 


Clock rising edge to input data valid | | 10tcLCL-133 | 


NOTES: 

1 . Parameters are valid over operating te mperat ure range unless otherwise specified. 

2. Load capacitance for port 0, ALE, and PSEN = lOOpF, load capacitance for all other outputs = 80pF. 

3. Interfacing the 80C32/52 to devices with float times up to 45ns is permitted. This limited bus contention will not cause damage to F 
drivers. 
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EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has five cJiaracters. The 

P -FSER 

first character is always ‘f (= time). The other 

Q- Output data 

characters, depending on their positions, 

R - ‘RTJ signal 

indicate the name of a signal or the logical 

t - Time 

status of that signal. The ciesignations are; 

V - Valid 

A - Address 

W- WR signal 

C - Clock 

X - No longer a valid logic level 

D - Input data 

Z - Float 

H - Logic level high 

Examples: tAVLL = Tinrie for address valid to 

1 - Instruction (program memory contents) 

ALE low. 

L - Logic level low, or ALE 

tLLPL= Time for ALE low to 
PSERlow. 



« «0-A7 ^ 

] FROM Rl OR DPL ^ 


A0-A7 FROM PCL 


P2.0-P2.7 OR A8-A15 FROM DPF 


A0-A15 FROM PCH 


Figure 2. External Data Memory Read Cycle 
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Figure 3. External Data Memory Write Cycle 
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Figure 5. External Clock Drive 



TIMING 

REFERENCE ^ 

POINTS ^ 


NOTE; 

AC inputs during testing are driven at Vcc -0-5 for a logic ‘f and 0.45V for a logic '0‘. 
Timing measurements are made at Vih min for a logic ‘T and V|l for a logic ’O’. 


Figure 6. AC Testing Input/Output 


For timing purposes, a port is no longer floating when a 1 0OmV change from load 
voltage occurs, and begins to float when a 1 0OmV change from the loaded Vqh/ 
VoL l®vel occurs. Iqh/Iol > ±.20mA. 

Figure 7. Float Waveform 



FREQUENCY (MHz) 


Figure 8. Ice vs. FREQ 

Valid only within frequency specifications of the device under test 
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Vcc 

•ccT 


Vcc 

L 

RST 

Vcc 

(MC)- 

XTAL2 


CLOCK SIGNAL ^ 

XTAL1 


r 

Vss 



Figure 10. ice Condition, Idle Mode 
Ail other pins are disconnected 


Vcc-O-5 

0.45V 




tcHCX~H 

“tCLCH 


tCLCL 


Figure 11. Clock Signal Waveform for Iqc Tests in Active and Idle Modes 
fcLCH = fcHCL = 5ns 



Figure 1 2. Ice Test Condition, Power Down Mode 
All other pins are disconnected. Vcc = 2V to 5.5V 
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Product specification 


CMOS single-chip 8-bit microcontroller 80C575/83C575/87C575 


EPROM CHARACTERISTICS 

To put the 87C575 in the EPROM 
programming mode. PSEN must be held high 
during power up, then driven low with reset 
active. The 87C575 is programmed by using 
a modified Quick-Pulse Programming™ 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALE/PROd pulses. 

The 87C575 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C575 manufactured by Philips. 

Table 2 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the secuity bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 13 and 14. Figure 15 shows 
the circuit configuration for normal program 
memory verification. 

Quick’Pulse Programming 

The setup for microcontroller quick-pulse 
programming is shown in Figure 13. Note that 
the 87C575 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
internal address and program data transfers. 

The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown in Figure 13. The code byte to be 
programmed into that location is applied to 
port 0. RST, PSEN and pins of ports 2 and 3 
specified in Table 2 are held at the ‘Program 
Code Data’ levels indicated in Table 2. The 
ALE/PROG is pulsed low 25 times as shown 
in Figure 14, 


To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through IFH, using the ‘Pgm 
Encryption Table’ levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 

To program the security bits, repeat the 25 
pulse programming sequence using the ‘Pgm 
Security Bit' levels. After one security bit is 
programmed, further programming of the 
code memory and encryption table is 
disabled. However, the other security bit can 
still be programmed. 

Note that the ETWpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 

Program Verification 

If security bit 2 has not been programmed, 
the on-chip program memory can be read out 
for program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 15. The other pins are held at the 
‘Verify Code Data’ levels indicated in Table 2. 
The contents of the address location will be 
emitted on port 0. External pull-ups are 
required on port 0 for this operation. 

If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature Bytes 

The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 03 1H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 

(030H) = 15H indicates manufactured by 
Philips 

(BOH) = 97H indicates 87C575 

Program/Verify Algorithms 

Any algorithm in agreement witfi the 
conditions listed in Table 2, and which 
satisfies the timing specifications, is suitable. 

Erasure Characteristics 

Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week In sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, It 
Is recommended that an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-s/cm2. Exposing the EPROM to an 
ultraviolet lamp of 1 2,000pW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 

Erasure leaves the array in an all Is state. 


Table 2. EPROM Progamming Modes 


MODE 

RST 

PSEN 

ALE/PROG 

EAA^PP 

P2.7 

P2.6 

P3.7 

P3.6 

Read signature 

0 

0 

1 

1 

0 

0 

0 

0 

Program code data 

0 

0 

0* 

Vpp 

1 

0 

1 

1 

Verify code data 

0 

0 

1 

1 

0 

0 

1 

1 

Pgm encryption table 

0 

0 

0* 

Vpp 

1 

0 

1 

0 

Pgm security bit 1 

0 

0 

0* 

Vpp 

1 

1 

1 

1 

Pgm security bit 2 

0 

0 

0* 

Vpp 

1 

1 

0 

0 


NOTES: 

1 . ‘0’ = Valid low for that pin, ‘ 1 ’ = valid high for that pin. 

2. Vpp = 12.75V ±0.25V. 

3. Vcc = 5V±1 0% during programming and verification. 

* ALE/P ROG receives 25 programming pulses while Vpp is held at 1 2.75V. Each programming pulse is low for lOOps (±10ps) and high for a 
minimum of 10ps. 


™Trademark phrase of Intel Corporation. 
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Philips Semiconductors Microcontroller Products 


Product specification 


CMOS single-chip 8-bit microcontroller 80C575/83C575/87C575 


EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 

Tamb = 21 °C to +27“C, Vec = 5V±10%. Vss = OV (See Figure 16) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Vpp 

Programming supply voltage 

12.5 

13.0 

V 

Ipp 

Programming supply current 


50 

mA 

1/tCLCL 

Oscillator frequency 

4 

6 

MHz 

Wgl 

Address setup to PROG low 

48*CLCL 



tCHAX 

Address hold after PROG 

48tcLCL 



foVGL 

Data setup to PROG low 

48tcLCL 



tcHDX 

Data hold after PROG 

48tcLCL 



tEHSH 

P2.7 (ENABLE) high to Vpp 

48tcLCL 



fSHGL 

Vpp setup to PrOG low 

10 


ps 

tGHSL 

Vpp hold after PROG 

10 


US 

tGLGH 

Prog width 

90 

110 

\is 

Wqv 

Address to data valid 


'18tcLCL 


tELQZ 

ENABLE low to data valid 


48tcLCL 


fEHQZ 

Data float after ENABLE 

0 



kSHGL 

PRoG high to PROG low 

10 


\LS 
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Pc bus addresses 


8XC652/654 overview 


8XC652/654 OVERVIEW 

The 8XC652. 8XC654. and 8XC654 
(hereafter referred to collectively as 
8XC652/4) are derivatives of the 80C51 8-bit 
CMOS microcontroller. The 8XC652/4 
contains all of the features of the 80C51 (that 
is. the standard counter/timers TO and T1 , the 
standard serial I/O (UART), and four 8-bit I/O 
ports). In addition, the 8XC652/4 has the 
following; 

• 8k bytes of ROM (8XC652) 

• 16k bytes of ROM (8XC654, 8XCE654) 

• 256 bytes of RAM 

• PC bus serial I/O 

The only difference between the 8XC652 and 
the 8XC654 is that the 8XC654 has 1 6k bytes 
of program memory while the 8XC652 has 8k 
bytes. The 8XCE654 has the same features 
as the 8XC654 but is improved for 
electromagnetic compatibility. All other 
features of these parts are identical. 

The 8XC652/4 is pin-for-pin compatible and 
code compatible with the 80C51 , except of 
additional Vss pins at the QFP package. 
There are some differences in the PI. 6 and 
PI .7 pin functions that are described in detail 
later in this section and there is the difference 
of latching the logical level at the EA pin 
during Reset. All of the 80C51 functions are 
present, including the external 64k program 
and data memory expansion, Boolean 
processing, and two reduced power modes. 

Differences from the 80C51 

The data and program memory are organized 
similar to the 80C51. The 8XC652/4 program 
memory differs in that it has 8k/1 6k bytes of 
on-chip ROM. When EA has been high 


during RESET the 8XC652/4 fetches 
instructions from the internal ROM unless the 
address exceeds 1FFFH/3FFFH. Locations 
2000H/4000H to FFFFH are fetched from 
external program memory. When EA has 
been held low during RESET, all Instruction 
fetches are from external memory. 

The organization of the data memory is 
similar to the 80C51 except that the 
8XC652/4 has an additional 128 bytes of 
RAM overlapped with the special function 
register space. This additional RAM Is 
addressed using indirect addressing only and 
is available as stack space. (This memory 
addition is the same as in the 80C52 and 
83C552. See Figure 1 for a memory map.) 

Special Function Registers 

The 8XC652/4 special function register space 
is the same as that on the 80C51 except that 
it contains four additional SFRs. The added 
registers are; SI CON, S1STA, SI DAT,, and 
SI ADR. In addition to tfiese, the standard 
UART special function registers SCON and 
SBUF have been renamed SOCON and 
SOBUF for clarity. 

Since the standard 80C51 on-chip functions 
are the same on tfie 8XC652/4, the SFR 
locations, bit locations, and operation are 
unchanged. The only exception is in the 
interrupt enable and interrupt priority SFRs. 
These have been changed to include the 
interrupt from the I^C serial port. Table 1 
shows the special function registers, their 
direct address, the bit addresses, and the 
value in the register after a reset. 

I^C Serial Communication— -SIOl 

The I^C serial port Is identical to the I^C serial 

port on the 8XC552. The operation of this 


subsystem is described in detail in the 
8XC552 section of this manual. 

Note that In both the 8XC652/4 and the 
8XC552 the I^C pins are alternate functions 
to port pins PI. 6 and PI. 7. Because of this, 

PI .6 and PI .7 on these parts do not have a 
pull-up structure as found on the 80C51. 
Therefore PI .6 and PI .7 have open drain 
outputs on the 8XC652/4. 

Idle and Power-Down Operation 

Idle mode operation permits the interrupt, 
serial ports, and timer blocks to continue to 
function while the CPU Is halted. The 
following functions remain active during idle 
mode. These functions may generate an 
interrupt or reset and thus end the Idle mode; 

• UART, |2C interface 

• Timer 0, Timer 1 

• External interrupt 

In idle mode, port pins PI. 6 and PI. 7 function 
as SCL and SDA, respectively, if the 1^ 
serial port is enabled. The power-down 
operation freezes the osdilator. The 
power-down mode can only be activated by 
setting the PD bit in the PCON register. The 
power-down mode in the 8XC652/4 operates 
exactly the same as in the 80C51 . 

ROM Code Protection 
(83C652/83C654/83CE654) 

The 83C652/83C654/83CE654 has an 
additional security feature. ROM code 
protection is mask programmable and 
therefore user dependent. This feature may 
be requested during ROM code submission. 
When enabled, access to the internal ROM is 
only possible when executing from internal 
program memory, not in the EA-mode 
(external access). 
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I^C bus addresses 


8XC652/654 overview 


Table 1 . 8XC652/654 Special Function Registers 


SYMBOL 

DESCRIPTION 

DIRECT 

ADDRESS 

BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 

MSB LSB 

RESET 

VALUE 

ACC* 

Accumulator 

EOH 

E7 

E6 

E5 

E4 

E3 

E2 

El 

EO 

OOH 

B* 

B register 

FOH 

F7 

F6 

F5 

F4 

F3 

F2 

F1 

FO 

OOH 

DPTR: 

Data pointer 












(2 bytes) 











DPH 

Data pointer high 

83H 









OOH 

DPL 

Data pointer low 

82H 









OOH 




AF 

AE 

AD 

AC 

AB 

AA 

A9 

A8 


IE*# 

Interrupt enable 

A8H 

EA 

1 ESI 

ESO 

ET1 

EX1 

ETO 

EXO 

OxOOOOOOB 




BF 

BE 

BD 

BC 

BB 

BA 

B9 

B8 


IP*# 

Interrupt priority 

B8H 

- 


PS1 

PSO 

PT1 

PX1 

PTO 

PXO 

xxOOOOOOB 




87 

86 

85 

84 

83 

82 

81 

80 


PO* 

Porto 

80H 

AD7 

AD6 

ADS 

AD4 

AD3 

AD2 

ADI 

ADO 

FFH 




97 

96 

95 

94 

93 

92 

91 

90 


PI*# 

Port 1 

90H 

SDA 

SCL 







FFH 




A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 


P2* 

Port 2 

AOH 

A15 

A14 

A13 

A12 

All 

A10 

A9 

A8 

FFH 




B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 


P3* 

Ports 

BOH 

m 



TO 

TRTT 

INTO 

TXD 


FFH 

PCON 

Power control 

87H 




- 

GF1 

GFO 

PD 


OxxxOOOOB 




9F 

9E 

9D 

9C 

9B 

9A 

99 

98 


SOCON*# 

Serial 0 port control 

98H 



SM2 



RB8 

TI 

Rl 

OOH 

SOBUF# 

Serial 0 data buffer 

99H 









xxxxxxxxB 




D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 


PSW* 

Program status word 

DOH 


AC 

FO 


RSO 

OV 

F1 

P 

OOH 

SI DAT# 

Serial 1 data 

DAH 









OOH 

SP 

Stack pointer 

81H 









07H 

S1ADR# 

Serial 1 address 

DBH 



OOH 






S1STA# 

Serial 1 status 

D9H 


SC3 

SC2 

SCI 


0 

0 

0 

F8H 




DF 

DE 

DD 

DC 

DB 

DA 

D9 

D8 


SI CON*# 

Serial 1 control 

D8H 

CR2 


STA 

STO 

SI 

AA 

CR1 

CRO 

OOOOOOOOB 




8F 

8E 

8D 

8C 

8B 

8A 

89 

88 


ICON* 

Timer control 

88H 

TF1 

TR1 

TFO 


IE1 

IT1 

lEO 

ITO 

OOH 

TH1 

Timer high 1 

SDH 









OOH 

THO 

Timer high 0 

8CH 









OOH 

TL1 

Timer low 1 

8BH 









OOH 

THO 

Timer low 0 

8AH 









OOH 

TMOD 

Timer mode 

89H 

GATE 

C/T 

Ml 

MO 

GATE 

C/T 

Ml 

MO 

OOH 


* SFRs are bit addressable. 

# SFRs are modified from or added to the 80C51 SFRs. 
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8XC652/654 overview 


Interrupt System 

The interrupt system is the same as in the 
80C51 except that the 8XC652/4 
acknowledges interrupt requests from six 
sources as follows; 

• INTO external interrupt 0 

• INTi external interrupt 1 

• Timer 0 overflow 

• Timer 1 overflow 

• |2c serial I/O interrupt 

• UART serial interrupt 

See Figure 2 for a function diagram of the 
8XC652/4 interrupt structure. Each interrupt 
vectors to a separate location in program 
memory for its service program. Each source 


can be individually enabled or disabled by a 
corresponding bit in the IE register; moreover, 
each interrupt may be programmed to a high 
or low priority level using a corresponding bit 
in the IP register. Also, all enabled sources 
can be globally disabled or enabled. 

Both external interrupts can be programmed 
to be level-activated or transition-activated; 
an active LOW level allows “Wire-ORing” or 
several Input sources to the Input pin. 

Each interrupt source can be set for either 
high priority or low priority. If two separate 
interrupts are requested simultaneously, the 
processor will branch to the vector associated 
with the interrupt that has the higher priority. 

If there are simultaneous requests from 
sources that have the same priority, then the 


interrupts will be serviced in the following 
order; 

1 . Into external interrupt 0 

2. I^C serial I/O Interrupt 

3. Timer 0 overflow 

4. INTi external Interrupt 1 

5. Timer 1 overflow 

6. UART serial I/O Interrupt 

A low priority interrupt routine can be 
interrupted by an Interrupt having a higher 
priority. A high priority interrupt cannot be 
interrupted. All of the features of the 
8XC652/4 that have not been discussed in 
this section are the same as those on the 
80C51. 


Interrupt 

sources 


Interrupt enable registers 



Source enable Global enable 


Interrupt priority 
registers 



Figure 2. Interrupt System 
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Bit 

Symbol 

Function 

IE.7 

EA 

General enable/disable control 

0 = No interrupt enabled 

1 = Any individually enabled 

interrupt will be accepted 

IE.6 

- 

Unused 

IE.5 

ESI 

Enable SI01 (I^C) interrupt 

IE.4 

ESO 

Enable SIOO (UART) interrupt 

IE.3 

ET1 

Enable timer 1 interrupt 

IE.2 

EX1 

Enable external 1 interrupt 

IE.1 

ETO 

Enable timer 0 interrupt 

lE.O 

EXO 

Enable external 0 Interrupt 


0 = interrupt disabled 

1 = interrupt enabled 


Bit 

Symbol 

Function 

IP.7 

- 

Unused 

IP.6 

- 

Unused 

IP.5 

PS1 

SI01 (I^C) interrupt priority 
level 

IR4 

PSO 

SIOO (UART) interrupt priority 
level 

IP.3 

PT1 

Timer 1 interrupt priority level 

IR2 

PX1 

Enable interrupt 1 priority level 

IR1 

PTO 

Timer 0 interrupt priority level 

IRO 

PXO 

External interrupt 0 priority 


level 

0 = Low priority 

1 = High priority 


The following vectors indicate the ROM 
location where the appropriate interrupt 
service routine starts. 


Source Vector 

External 0 (EXO) 0003H 

Timer 0 overflow (TO) OOOBH 

External 1 (EX1) 001 3H 

Timer 1 overflow (T 1 ) 001 BH 

Serial I/O 0 (UART) (SO) 0023H 

Serial I/O 1 (|2C) (SI) 002BH 
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CMOS single-chip 8-bit microcontroller 


80C652/83C652 


DESCRIPTION 

The P80C652/83C652 Single-Chip 8-Bit 
Microcontroller is manufactured in an 
advanced CMOS process and is a derivative 
of the 80C51 microcontroller family. The 
80C652/83C652 has the same instruction set 
as the 80C51 . Three versions of the 
derivative exist; 

83C652 — 8k bytes mask programmable 
ROM 

80C652 — ROMIess version 

80C652 — EPROM version (described in a 
separate chapter) 

This device provides architectural 
enhancements that make it applicable In a 
variety of applications for general control 
systems. The 8XC652 contains a non-volatile 
8k X 8 read-only program memory, a volatile 
256 X 8 read/write data memory, four 8-bit 
I/O ports, two 16-bit timer/event counters 
(identical to the timers of the 80C51), a 
multi-source, two-priority-level, nested 
interrupt structure, an I^C interface, UART 
and on-chip oscillator and timing circuits. For 
systems that require extra capability, the 
8XC652 can be expanded using standard 
TTL compatible memories and logic. 

The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
Instructions: 49 one-byte, 45 two-byte and 17 
three-byte. With a 16(24)MHz crystal, 58% of 
the instructions are executed in 0.75(0.5)ps 
and 40% in 1 .5(1 )ps. Multiply and divide 
instructions require 3(2)ps. 

LOGIC SYMBOL 



PIN CONFIGURATIONS 


FEATURES 

• 80C51 central processing unit 

• 8k X 8 ROM expandable externally to 
64k bytes 

• 256 X 8 RAM. expandable externally to 
64k bytes 

• Two standard 16-bit timer/counters 

• Four 8-bit I/O ports 

• I^C-bus serial I/O port with byte oriented 
master and slave functions 

• Full-duplex UART facilities 

• Power control modes 

- Idle mode 

- Power-down mode 

• ROM code protection 

• Extended frequency range: 1 .2 to 24 MHz 

• Three operating ambient temperature 


■ -40 to +85°C 
-40to-^125°C 



PLASTIC 13^ P0.7/AD7 
DUAL t: „ 
IN-UNE m] ^ 
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CMOS single-chip 8-bit microcontroller 


80C652/83C652 


CERAMIC AND PLASTIC LEADED 
CHIP CARRIER PIN FUNCTIONS 




6 

n 

1 40 

n n 





o 


7 

c 



□ 39 




CERAMC 





AND 





PLASTiC 




LEADED CHIP 





CARRIER 


17 

□ 



□ 29 



u 

18 

u 

28 


Pin 

Function 

Pin 

Function 

1 

NC 


23 

NC 

2 

P1.0 

24 

P2.0/A8 

3 

P1.1 

25 

P2.1/A9 

4 

PI. 2 

26 

P2.2/A10 

5 

P1.3 

27 

P2.3/A11 

6 

P1.4 

28 

P2.4/A12 

7 

P1.5 

29 

P2.5/A13 

8 

P1.6/SCL 

30 

P2.6/A14 

9 

P1.7/SDA 

31 

P2.7/A15 

10 

RST 

32 

PShN 

11 

P3.(VRxD 

33 

ALE 

12 

N( 


34 

NC 

13 

PS.lH’xD 

35 

EA 

14 

P3.2/lNrnj 

36 

P0.7/AD7 

15 

P3.3/IRTT 

37 

P0.6/AD6 

16 

P3.4/T0 

38 

P0.5/AD5 

17 

P3.5n-i 

39 

P0.4/AD4 

18 

P3.6/WR 

40 

P0.3/AD3 

19 

P3.7/RU 

41 

P0.2/AD2 

20 

XTAL2 

42 

P0.1/AD1 

21 

XTAL1 

43 

PO.O/ADO 

22 

Vss 

44 

vdd 


PLASTIC QUAD FLAT PACK 
PIN FUNCTIONS 



1 . Due to EMC improvements, all Vss pins 
(6, 16, 28, 39) must be connected to Vss 
on the 80C652/83C652. 
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CMOS single-chip 8-bit microcontroller 80C652/83C652 


ORDER INFORMATION 


PHILIPS 

PART ORDER NUMBER 

PART MARKING 

PHILIPS NORTH AMERICA 
PART ORDER NUMBER 

TEMPERATURE 

RANGE (°C) 

AND PACKAGE 

FREQ 

MHz^«2 

ROMIess 

ROW 

Drawing 

Number 

ROMIess 

ROM 

P80C652FBP 

P83C652FBP/XXX 

SOT129 

S80C652-4N40 

S83C652-4N40 

0 to +70, Plastic Dual In-line Package 

16 








P80C652FBA 

P83C652FBA/XXX 

SOT187 

S80C652-4A44 


0 to +70, Plastic Leaded Chip Carrier 

IQI 







■ 

P80C652FBB 

P83C652FBB/XXX 

SOT311 

S80C652-4B44 

S83C652-4B44 

0 to +70, Plastic Quad Flat Pack 

■a 


P83C652FFP/XXX 

SOT129 

S80C652-5N40 

S83C652-5N40 

-40 to +85, Plastic Dual In-line Package 

■■ 








P80C652FFA 

P83C652FFA/XXX 

SOT187 

S80C652-5A44 

S83C652-5A44 

-40 to +85, Plastic Leaded Chip Carrier 

16 








P80C652FFB 

P83C652FFB/XXX 

SOT311 

S80C652-5B44 

S83C652-5B44 

-40 to +85, Plastic Quad Flat Pack 

16 

P80C652FHP 

P83C652FHP/XXX 

SOT129 

S80C652-6N40 

S83C652-6N40 

-40 to +125, Plastic Dual In-line Package 

16 

P80C652FHA 

P83C652FHA/XXX 

SOT187 

S80C652-6A44 

S83C652-6A44 

-40 to +125, Plastic Leaded Chip Carrier 

16 

P80C652FHB 

P83C652FHB/XXX 

SOT311 

S80C652-6B44 

S83C652-6B44 

^0 to +125, Plastic Quad Flat Pack 

16 

























































P80C652IBP 



S80C652-AN40 

S83C652-AN40 

0 to +70, Plastic Dual In-line Package 

24 

P80C652IBA 

P83C652IBA/XXX 

SOT187 

S80C652-AA44 

S83C652-AA44 

0 to +70, Plastic Leaded Chip Carrier 

24 

P80C652IBB 


SOT311 


S83C652-AB44 

0 to +70, Plastic Quad Flat Pack 

24 

P80C652IFP 




S83C652-BN40 

-40 to +85, Plastic Dual In-line Package 

24 

P80C652IFA 

P83C652IFA/XXX 

SOT187 

S80C652-BA44 

S83C652-BA44 

-40 to +85, Plastic Leaded Chip Carrier 

24 

P80C652iFB 

P83C652IFB/XXX 

SOT311 

S80C652-BB44 

S83C652-BB44 

-40 to +85, Plastic Quad Flat Pack 

24 


NOTES: 

1 . 80C652 and 83C652 frequency range is 1 .2MHz-1 6MH2 or 1 .2 to 24MHz. 

2. For specification of the EPROM version, see the 87C652 data sheet. 

3. XXX denotes the ROM code number. 
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EPROM^ 

Drawing 

Number 

TEMPERATURE 

RANGE (°C) 

AND PACKAGE 

S87C652-4N40 

041 5C 

0 to -t-70, Plastic Dual In-line Package 

S87C652-4F40 

0590B 

0 to +70. Ceramic Dual In-line 
Package w/Window 

S87C652-4A44 

0403G 

0 to +70, Plastic Leaded Chip Carrier 

S87C652-4K44 

1472A 

0 to +70, Ceramic Leaded Chip Carrier 
w/Window 


1118D 

0 to +70, Plastic Quad Flat Pack 


041 5C 

-40 to +85, Plastic Dual In-line Package 

S87C652-5F40 

0590B 

-40 to +85, Ceramic Dual In-line Package 
w/Window 

S87C652-5A44 

0403G 

-40 to +85, Plastic Leaded Chip Carrier 

S87C652-5K44 

1472A 

-40 to +85, Ceramic Leaded Chip Carrier 
w/Window 

S87C652-5B44 

1118D 

-40 to +85. Plastic Quad Flat Pack 










S87C652-7N40 

041 5C 

0 to +70, Plastic Dual In-line Package 

S87C652-7F40 

0590B 

0 to +70, Ceramic Dual In-line Package 
w/Window 

S87C652-7A44 

0403G 

0 to +70, Plastic Leaded Chip Carrier 

S87C652-7K44 

1472A 

0 to +70, Ceramic Leaded Chip Carrier 
w/Window 

S87C652-8N40 

041 5C 

-40 to +85, Plastic Dual In-line Package 

S87C652-8F40 

0590B 

-40 to +85, Ceramic Dual In-line Package 
w/Window 

S87C652-8A44 

0403G 

-40 to +85, Plastic Leaded Chip Carrier 

S87C652-8K44 

1472 A 

-40 to +85, Ceramic Leaded Chip Carrier 
w/Window 
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CERAMIC AND PLASTIC LEADED 
CHIP CARRIER PIN FUNCTIONS 




6 

n 

1 

n 

40 

n 



7n 

r 

o 


□ 39 


17 C 

CERAMIC 

AND 

PLASTIC 
LEADED CHIP 
CARRIER 

□ 29 



18 


28 


Pin 

Function 


Pin 

Function 

1 

NC 


23 

NC 

2 

P1.0 


24 

P2.0/A8 

3 

P1.1 


25 

P2.1/A9 

4 

PI. 2 


26 

P2.2/A10 

5 

PI. 3 


27 

P2.3/A11 

6 

PI. 4 


28 

P2.4/A12 

7 

PI. 5 


29 

P2.5/A13 

8 

P1.6/SCL 


30 

P2.6/A14 

9 

P1.7/SDA 


31 

P2.7/A15 

10 

RST 


32 

P5EN 

11 

P3.0/RxD 


33 

ALE 

12 

NC 


34 

NC 

13 

P3.1/TXD 


35 

FA 

14 

P3.2/INTO 


36 

P0.7/AD7 

15 

P3.3/nTrT 


37 

P0.6/AD6 

16 

P3.4/T0 


38 

P0.5/AD5 

17 

P3.5nri 


39 

P0.4/AD4 

18 

P3.6/WR 


40 

P0.3/AD3 

19 

P3.7/RD 


41 

P0.2/AD2 

20 

XTAL2 


42 

P0.1/AD1 

21 

XTAL1 


43 

PO.O/ADO 

22 

Vss 


44 

vdd 


PLASTIC QUAD FLAT PACK 
PIN FUNCTIONS 


44 34 



PLASTIC 

QUAD 

FLAT 

PACK 


11 



tea 23 






12 


I 

22 

Pin 

Function 

Pin 

Function 

1 

P1.5 

23 

P2.5/A13 

2 

P1.6/SCL 

24 

P2.6/A14 

3 

P1.7/SDA 

25 

P2.7/A15 

4 

RST 

26 

PSbN 

5 

PS.ORxD 

27 

ALE 

6 

VsS4 

28 

VSS2 

7 

P3.1/TxD 

29 

EA/Vpp 

8 

P3.2/INTD 

30 

P0.7/AD7 

9 

PS.aONTT 

31 

P0.6/AD6 

10 

P3.4n'0 

32 

P0.5/AD5 

11 

P3.57ri 

33 

P0.4/AD4 

12 

P3.6AIVR 

34 

P0.3/AD3 

13 

P3.7/RD 

35 

P0.2/AD2 

14 

XTAL2 

36 

P0.1/AD1 

15 

XTAL1 

37 

PO.O/ADO 

16 

Vssi 

38 

Vdd 

17 

NC 

39 

VSS3 

18 

P2.0A8 

40 

P1.0 

19 

P2.1/A9 

41 

P1.1 

20 

P2.2/A10 

42 

PI. 2 

21 

P2.3/A11 

43 

P1.3 

22 

P2.4/A12 

44 

P1.4 


NOTES TO QFP ONLY: 

1 . Due to EMC improvements, ail Vss pins 
(6, 16, 28, 39) must be connected to Vss 
on the 80C652/83C652. 
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BLOCK DIAGRAM 


FREQUENCY 

REFERENCE 


lCrAL2 XTAL1 



SHARED 

WITH 

PORTI 


EJCTERNAL 

INTERRUPTS 


PARALLEL PORTS, 
ADORESS^ATA BUS 
AND I/O PINS 


SERIAL IN SERIAL OUT 


SHARED WITH 
PORTS 
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PIN DESCRIPTIONS 



PIN NUMBER 



MNEMONIC 

DIP 

PLCC 

QFP 

TYPE 

NAME AND FUNCTION 

Vss 

20 

22 

6, 16, 
28, 39 

1 

Ground: OV reference. With the QFP package all Vss pins (Vssi to Vss 4 ) must be 
connected. 

Vqd 

40 

44 

38 

1 

Power Supply: This is the power supply voltage for normal, idle, and power-down operation. 

PO.0-0.7 

39-32 

43^6 

37-30 

I/O 

Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1 s written to them 
float and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order 
address and data bus during accesses to external program and data memory. In this 
application, it uses strong internal pull-ups when emitting 1 s. 

P1.0-P1.7 

1-8 

2-9 

40-44, 

1-3 

I/O 

Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups, except P1.6 and PI. 7 
which are open drain. Port 1 pins that have Is written to them are pulled high by the internal 
pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: I|l). 
Alternate functions include: 

P1.6 

7 

8 

2 

I/O 

SCL: I^C-bus serial port clock line. 

P1.7 

8 

9 

3 

I/O 

SDA: I^C-bus serial port data line. 

P2.0-P2.7 

21-28 

24^1 

18-25 

I/O 

Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 1 s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics; I|l). Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal 
pull-ups when emitting 1s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 spedal function register. 

P3.0-P3.7 

10-17 

11, 

13-19 

5, 

7-13 

I/O 

Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1 s 
written to them are pulled high by the internal pull-ups and can used as inputs. As inputs, 
port 3 pins that are externally being pulled low will source current because of the pull-ups. 

(See DC Electrical Characteristics; I|l). Port 3 also serves the special features of the 80C51 
family, as listed below; 


10 

11 

5 

1 

RxD (P3.0): Serial input port 


11 

13 

7 

o 

TxD (P3.1): Serial output port 


12 

14 

8 

1 

INTO (P3.2): External interrupt 


13 

15 

9 

1 

INTI (P3.3): External interrupt 


14 

16 

10 

1 

TO (P3.4): Timer 0 external input 


15 

17 

11 

1 

T1 (P3.5): Timer 1 external input 


16 

18 

12 

o 

WR (P3.6): External data memory write strobe 


17 

19 

13 

o 

HD (P3.7): External data memory read strobe 

RST 

9 

10 

4 


Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vdd- 

ALE 

30 

33 

27 

I/O 

Address Latch Enable: Output pulse for latching the low byte of the address during an 
access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6 the 
oscillator frequency. Note that one ALE pulse is skipped during each access to external data 
memory. 

PSER 

29 

32 

26 

O 

Program Store Enable: Read strobe to external program memory via Port 0 and Port 2. It is 
activated twice each machine cycle during fetches from the external program memory. When 
executing out of external program memory two activations of PSEN are skipped during each 
access to external data memory. PSEN is not activated (remains HIGH) during no fetches 
from external program memory. PSEN can sInk/source 8 LSTTL inputs and can drive CMOS 
inputs without external pull-ups. 

EA 

31 

35 

29 

1 

External Access: If during a RESET, EA is held at TTL, level HIGH, the CPU executes out 
of the Internal program memory ROM provided the Program Counter is less than 8192. If 
during a RESET, is held a TTL LOW level, the CPU executes out of external program 
memory. EA is not allowed to float. 

XTAL1 

19 

21 

15 

1 

Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 

XTAL2 

18 

20 

14 

o 

Crystal 2: Output from the inverting oscillator amplifier. 


NOTE: 

To avoid “latch-up” effect at power-on, the voltage on any pin at any time must not be higher than Vdd + 0.5V or Vss - 0.5V, respectively. 
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ROM CODE PROTECTION 
{83C652) 

The 8XC652 has an additional security 
feature. ROM code protection may be 
selected by setting a mask-programmable 
security bit (i.e., user dependent). This 
feature may be requested during ROM code 
submission. When selected, the ROM code 
is protected and cannot be read out at any 
time by any test mode or by any instruction in 
the external program memory space. 

The Move instructions are the only 
instructions that have access to program 
code in the internal or external program 
memory. The WR input is latched during 
RESET and is “don’t care” after RESET 
(also if the security bit is not set). This 
implementation prevents reading internal 
program code by switching from external 
program memory to internal program memory 
during a MOVC instruction or any other 
instruction that uses immediate data. 


OSCILLATOR 

CHARACTERISTICS 

XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol, 
page 924. 

To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified In the data sheet 
must be observed. 

Reset 

A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To Insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on Vdd and RST must 
come up at the same time for a proper 
start-up. 


Idle Mode 

In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain Intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor In the same manner as a 
power-on reset. 

Power-Down Mode 

In the power-down mode, the oscillator is 
stopped and the instruction to invoke power- 
down is the last instruction executed. Only 
the contents of the on-chip RAM are pre- 
served. A hardware reset is the only way to 
terminate the power-down mode. The control 
bits for the reduced power modes are in the 
special function register PCON. Table 1 
shows the state of the I/O ports during low 
current operating modes. 


Table 1. External Pin Status During Idle and Power-Down Mode 


MODE 

PROGRAM 

MEMORY 

ALE 

P5ER 

PORTO 

PORTI 

PORT 2 

PORT 3 

Idle 

Internal 

1 

1 

Data 

Data 

Data 

Data 

Idle 

External 

1 

1 

Float 

Data 


Data 

Power-down 

Internal 

0 

0 

Data 

Data 

Data 

Data 

Power-down 

External 

0 

0 

Float 

Data 

Data 

Data 


Serial Control Register (S1CON) - See Table 2 


CR2 

ENSI 

STA 

STO 


AA 

CR1 

CRO 


Bits CRO, CR1 and CR2 determine the serial clock frequency that is generated in the master mode of operation. 


Table 2. Serial Clock Rates 


CR2 

CR1 

CRO 

BIT FREQUENCY (kHz) AT fosc 

fosc DIVIDED BY 

6MHz 

12MHz 

16MHz 

24MHz 

0 

0 

0 

23 

47 

62.5 

94 

256 

0 

0 

1 

27 

54 

71 

107^ 

224 

0 

1 

0 

31.25 

62.5 

83.3 

125^ 

192 

0 

1 

1 

37 

75 

100 

150^ 

160 

1 

0 

0 

6.25 

12.5 

17 

25 

960 

1 

0 

1 

50 

100 

133^ 

200^ 

120 

1 

1 

0 

100 

200^ 

267^ 

400^ 

60 

1 

1 

1 

0.24 < 62.5 

0.49 < 62.5 

0.65 < 55.6 

0.98 < 50.0 

96 X (256 - (reload value Timer 1)) 




0 to 255 

0 to 254 

0 to 253 

Oto 251 

reload value range Timer 1 (in mode 2) 


NOTES: 


1 . These frequencies exceed the upper limit of 1 0OkHz of the I^C-bus specification and cannot be used in an I^C-bus application. 
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ABSOLUTE MAXIMUM RATINGS^' ^ ^ 


PARAMETER 

RATING 

UNIT 

Storage temperature range 

-65 to +150 


Voltage on any other pin to Vss 

-0.5 to + 6.5 

V 

Input, output current on any single pin 

±5 

mA 

Power dissipation (based on package heat transfer 
limitations, not device power consumption) 

1 

W 


NOTES: 


1 . Stresses above those listed under Absolute Maximum Ratings may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at 
these or any conditions other than those described in the AC and DC Electrical 
Characteristics section of this specification is not Implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices 
from the damaging effects of excessive static charge. Nonetheless, it is suggested that 
conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All 
voltages are with respect to Vss unless otherwise noted. 


DEVICE SPECIFICATIONS 



SUPPLY VOLTAGE 
(V) 

FREQUENCY 

(MHz) 

TEMPERATURE 

RANGE 

TYPE 

MIN. 

MAX. 

MIN. 

MAX. 

CC) 

P8XC652FBX 

4.0 

6.0 

1.2 

16 

0 to +70 

P8XC652FFX 

4.0 

6.0 

1.2 

16 

-40 to +85 

P8XC652FHX 

4.5 

5.5 

1.2 

16 

^0 to +125 

P8XC652IBX 

4.5 

5.5 

1.2 

24 

0 to +70 

P83X652IFX 

4.5 

5.5 

1.2 

24 

-40 to +85 
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DC ELECTRICAL CHARACTERISTICS 

Vss = OV 





TEST 

LIMITS 


SYMBOL 

PARAMETER 

PART TYPE 

CONDITIONS 

MIN. 

MAX. 

UNIT 

VlL 

Input low voltage, 

except EA, P1.6/SCL. P1.7/SDA 

0to+70°C 


-0.5 

0.2Vdd-O.1 

V 



-40 to +85''C 


-0.5 

0.2Vdd-0.15 




^0 to +125*^C 


-0.5 

0.2Vdd-0.25 


V,L1 

Input low voltage to EA 

0to+70‘"C 


-0.5 

0.2Vdd-0.3 




-AO to -h85°C 


-0.5 

0.2Vdd-0-35 




^0to+125°C 


-0.5 

0.2Vdd-0.45 


V|L2 

Input low voltage to PI .6/SCL, PI .7/SDA® 



-0.5 

0.3Vdd 

V 

V,H 

Input high voltage, except XTAL1 , RST, 

P1 .6/SCL. PI .7/SDA 

0 to -t-70''C 


0.2Vdd+0-9 

Vdd+0.5 




-40 to -h85°C 


0.2Vdd+1.0 

Vdd+0.5 




-40to+125°C 


0.2Vdd+1.0 

Vdd+0-5 

n 

VlHI 

Input high voltage, XTAL1 , RST 

0 to -r70°C 


0.7Vdd 

Vdd+0.5 

n 



^0 to -t-85°C 


0.7Vdd+0.1 

Vdd+0.5 

D 



-40 to -hi 25'^C 


0.7Vdd+0.1 

Vdd+0.5 

n 

V,H2 

Input high voltage, PI. 6/SCL, PI .7/SDA® 



0.7Vdd 

6.0 

V 

VoL 

Output low voltage, ports 1,2,3, 
except PI. 6/SCL. PI. 7/SDA 


loL = 1.6mA8'9 


0.45 

■ 

VoLI 

Output low voltage, port 0, ALE, PSEN 


Iql = 3.2mA®' ® 


0.45 

■■ 

VoL2 

Output low voltage, P 1 .6/SCL, PI .7/SDA 


loL = 3.0mA 


0.4 

■■ 

VoH 

Output high voltage, ports 1, 2. 3. ALE, PSEN^° 


Iqh = — 60)iA 

2.4 


n 




loH = -25pA 

0.75Vdd 


■I 




loH = -1 OmA 

0.9Vdd 


■■ 

Vqhi 

Output high voltage; port 0 in external bus mode 


Iqh — — 800|iA 

2.4 


V 




loH = -300p.A 

0.75VDD 


V 




•oh = -30|iA 

6 9Vdd 


V 

IlL 

Logical 0 input current, ports 1 , 2, 3, 
except PI. 6/SCL, PI. 7/SDA 

0 to -h70°C 

ViN = 0.45V 


-50 

pA 



-40 to +85°C 



-75 

pA 



-40 to+125‘"C 



-75 

pA 

Itl 

Logical 1 -to-0 transition current, ports 1 , 2, 3, 
except P 1 .6/SCL, P 1 . 7/SDA 

0 to -h70'’C 

See note 7 


-650 

pA 



-40 to +e5°c 



-750 

pA 



^0to-h125°C 



-750 

pA 

■li 

Input leakage current, port 0, EA 


0.45V < V| < Vdd 


±10 

pA 

•l2 

Input leakage current, PI. 6/SCL, PI. 7/SDA 


OV < V| < 6.0V 


±10 

pA 




0V< Vdd < 6.0V 



pA 
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DC ELECTRICAL CHARACTERISTICS (CONTINUED) 





TEST 

LIMITS 


SYMBOL 

PARAMETER 

PART TYPE 

CONDITIONS 

MIN. 

MAX. 

UNIT 

•dd 

Power supply current; 


See note 1 





Active mode @ 16MHz^’ 


Vdd=6.0V 


26.5 

mA 


Active mode @ 24MHz2* 


Vdd=5.5V 


33.8 

mA 


Idle mode@16MHz3” 




6 

mA 


Idle mode @ 24MHz3> 




7 

mA 


Power down mode"^- ® 




50 

pA 


Power down mode^- ® 

-40to-h125°C 



100 

pA 

Rrst 

Internal reset pull-down resistor 



50 

150 

kQ 

Cio 

Pin capacitance 


Freq.=1MHz 


10 

PF 


NOTES FOR DC ELECTRICAL CHARACTERISTICS: 

1 . See Figures 9 through 1 1 for Iqd test conditions. 

2. The operating supply current is measured with all output pins disconnected; XTAL1 driven with tf = tf = 5ns; 

V|L = Vss + 0-5V; V|H = Vdd” 0-5V; XTAL2 not connected; EA = RST = Port 0 = PI .6 = PI .7 = Vdd- See Figure 9. 

3. The idle mode supply current Is measured with ail output pins disconnected; XTAL1 driven with tr = tf = 5ns; V|l = Vss + 0.5V; 

ViH = Vdd - 0.5V; XTAL2 not connected: Port 0 = P1.6 = P1.7 = Vdd: HA = RST = Vss- See Figure 10. 

4. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = PI .6 = PI .7 = Vqd: 

EA = RST = Vss- See Figure 11. 

5. 2V < VpD ^ VDDmax. 

6. The input threshold voltage of PI. 6 and PI. 7 (SI01) meets the I^C specification, so an input voltage below 0.3 Vdd will be recognized as a 
logic 0 while an input voltage above 0.7 Vdd will be recognized as a logic 1 . 

7. Pins of ports 1 , 2, and 3 source a transition current when they are being externally driven from 1 to 0. The transition current reaches Its 
maximum value when Vin is approximately 2V. 

8. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VqlS of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-O transitions during bus operations. In the 
worst cases (capacitive loading > lOOpF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 

9. Under steady state (non-transient) conditions, Iql must be externally limited as follows: Maximum Iql = 10mA per port pin; Maximum 

Iql = 26mA total for Port 0; Maximum Iql = 15mA total for Ports 1, 2, and 3; Maximum Iql = 71mA total for all output pins. If Iql exceeds the 
test conditions, Vql may exceed the related specification. Pins are n ot guar anteed to sink current greater than the listed test conditions. 

10. Capacitive loading on ports 0 and 2 may cause the Vqh on ALE and PSeN to momentarily fall below the 0.9Vdd specification when the 
address bits are stabilizing. 

1 1 • boMAX ^or other frequencies can be derived from Figure 1 , where FREQ is the external oscillator frequency in MHz. Iddmax is given in mA. 
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(1) MAXIMUM OPERATING MODE: Vqq= V[)[}niax 

(2) MAXIMUM IDLE MODE: Vop = VoDmax 

These values are valid within the specified 
frequency range. 

»XTAL1 (MHz) 

(1) MAXIMUM OPERATING MODE; Voq = VoDmax 

(2) MAXIMUM IDLE MODE; VpD = VoDmax 

These values are valid within the specified 
frequency range. 

(XTAL1 (MHz) 


Figure 1. 

Idd vs. Frequency 
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AC ELECTRICAL CHARACTERISTICS^' 2 (16 MHz type) 


SYMBOL 

FIGURE 

PARAMETER 

16 MHz CLOCK 

VARIABLE CLOCK 

UNIT 

MIN 

MAX 

MIN 

MAX 

IAclcl 

2 

Oscillator frequency 



1.2 

16 

MHz 

tlHLL 

2 

ALE pulse width 

85 


2tcLCL-40 


ns 

tAVLL 

2 

Address valid to ALE low 

8 


tCLCL-55 


ns 

flLAX 

2 

Address hold after ALE low 

28 


10101-35 


ns 

tLLIV 

2 

ALE low to valid instruction in 


150 


4tcLCL“1 00 

ns 

tLLPL 

2 

ALE low to PSeN low 

23 


ICLCL-^0 


ns 

tpLPH 

2 

PSEN pulse width 

143 


3tcLCL-45 


ns 

tpLIV 

2 

PSEN low to valid instruction In 


83 


3tcLCL-105 

ns 

tpxix 

2 

Input Instruction hold after PSEN 

0 


0 


ns 


2 

Input instruction float after PSEN 


38 


tcLCL-25 

ns 


2 

Address to valid instruction In 


208 


5tcLCL-105 

ns 

fPLAZ 

2 

PSEN low to address float 


10 


10 

ns 

Data Memory | 

fRLRH 

3,4 

TTD pulse width 

275 


SfCLCL”^ 00 


ns 

fWLWH 

3.4 

WR pulse width 

275 


OtcLCfl 00 


ns 

tRLDV 

3,4 

PD low to valid data in 


148 


5tcLCL-1 65 

ns 

tRHDX 

3.4 

Data hold after RD 

0 


0 


ns 

fRHDZ 

3.4 

Data float after PD 


55 


2tcLCL-70 

ns 

tlLDV 

3.4 

ALE low to valid data in 


350 


StcLCL”"! 50 

ns 

UVDV 

3.4 

Address to valid data in 


398 


91clcl-165 

ns 

fLLWL 

3.4 

ALE low to PD or WR low 

138 

238 

3tcLCL-50 

3tcLCL+50 

ns 

tAVWL 

3.4 

Address valid to WR low or RD low 

120 


4tcLCL“'l 30 


ns 

tQVWX 


Data valid to WR transition 

3 


1clcl-60 


ns 

bw 

3,4 

Data setup time before WR 

288 


7tcLCL“1 50 


ns 

tWHQX 

3,4 

Data hold after WR 

13 


1clcl-50 


ns 

tRLAZ 

3.4 

RD low to address float 


0 


0 

ns 

tWHLH 

3,4 

RD or WR high to ALE high 

23 

103 

tcLCL-40 

tcLCL+40 

ns 

Shift Register | 

tXLXL 

5 

Serial port clock cycle time^ 

0.75 


12tcLCL 


ps 

tQVXH 

5 

Output data setup to clock rising edge^ 

492 


10tcLCL~133 


ns 

fXHQX 

5 

Output data hold after clock rising edge^ 

80 


2tcLCL“R7 


ns 

tXHDX 

5 

Input data hold after clock rising edge^ 

0 


0 


ns 

IS8IHIH 

5 

Clock rising edge to input data valid^ 


492 


10tcLCL~133 

ns 

1 External Clock | 

tCHCX 

6 

High time^ 

20 


20 

tCLCL-tCLCX 

ns 


6 

Low time^ 

20 


20 

blCL-ICHCX 

ns 

fcLCH 

6 

Rise time^ 


20 


20 

ns 

tcHCL 

6 

Fall time^ 


20 


20 

ns 


NOTES: 

1 . Parameters are valid over operating te mperat ure range unless otherwise specified. 

2. Load capacitance for port 0, ALE, and PSEN = 1 0OpF, load capacitance for all other outputs = 80pF. 

3. These values are characterized but not 1 00% production tested. 
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AC ELECTRICAL CHARACTERISTICS^- 2 (24 MHz type) 


SYMBOL 

FIGURE 

PARAMETER 

24MHz CLOCK 

VARIABLE CLOCK 

UNIT 

MIN 

MAX 

MIN 

MAX 

1/tCLCL 

2 

Oscillator frequency 



1.2 

24 

MHz 

tlHLL 

2 

ALE pulse width 

43 


2tcLCL-^0 


ns 

tAVLL 

2 

Address valid to ALE low 

17 


tcLCL-25 


ns 

tlLAX 

2 

Address hold after ALE low 

17 


tcLCL-25 


ns 

tlLIV 

2 

ALE low to valid instruction in 


102 


4tcLCL-35 

ns 

tLLPL 

2 

ALE low to PSEN low 

17 


tcLCL-25 


ns 

tpLPH 

2 

PSEN pulse width 

80 


3tcLCL-^ 


ns 

tpLIV 

2 

PsEN low to valid instruction in 


65 


3tCLCL-30 

ns 

tpxix 

2 

Input instruction hold after PSEN 

0 


0 


ns 

tpxiz 

2 

Input instruction float after PSEN 


17 


tcLCL-25 

ns 

tAVIV 

2 

Address to valid instruction in 


128 


5tCLCL-80 

ns 

tpLAZ 

2 

PSEN low to address float 


10 


10 

ns 

I Data Memory | 

tRLRH 

3.4 

HD pulse width 

150 


StcLCL-lOO 


ns 

tWLWH 

3.4 

WR pulse width 

150 


00 


ns 

fRLDV 

3,4 

HD low to valid data in 


118 


5tcLCL”90 

ns 

tRHDX 

3.4 

Data hold after HD 

0 


0 


ns 

fRHDZ 

3.4 

Data float after HD 


55 


2tcLCL-28 

ns 

flLDV 

3.4 

ALE low to valid data in 


180 


8tcLCL~‘l 50 

ns 

Wdv 

3.4 

Address to valid data in 


210 


OfCLCL— 1 35 

ns 

tlLWL 

3.4 

ALE low to HD or WR low 

75 

175 

3tcLCL-50 

3tcLCL+50 

ns 

tAVWL 

3.4 

Address valid to WH low or HD low 

92 


^tcLCL-^S 


ns 

tQVWX 

3,4 

Data valid to WR transition 

12 


1CLCL-^0 


ns 

tow 

3.4 

Data setup time before WR 

162 


7tcLCL~1 30 


ns 

tWHQX 

3,4 

Data hold after WH 

17 


tCLCL-25 


ns 

tRLAZ 


HD low to address float 


0 


0 

ns 

tWHLH 

! 

HD or V7H high to ALE high 

17 

67 

tcLCL-25 

tCLCL+25 

ns 

I Shift Register | 

tXLXL 

5 

Serial port clock cycle time^ 

0.5 


12tcLCL 


PS 

Iqvxh 

5 

Output data setup to clock rising edge^ 

283 


1 0fCLCL“1 33 


ns 

tXHQX 

5 

Output data hold after clock rising edge^ 

23 




ns 

tXHDX 

5 

Input data hold after clock rising edge^ 

0 


0 


ns 

tXHDV 

5 

Clock rising edge to input data valid® 


283 


10k;LCL-133 

ns 

1 External Clock | 

tCHCX 

6 

High time® 

17 


17 

tCLCL-tCLCX 

ns 

tCLCX 

6 

Low time® 

17 


17 

tcLCL-fCHCX 

ns 

fCLCH 

6 

Rise time® 


5 


5 

ns 

tcHCL 

6 

Fall time® 


5 


5 

ns 


NOTES; 

1 . Parameters are valid over operating te mperat ure range unless otherwise specified. 

2 . Load capacitance for port 0, ALE. and PSEN = 1 0OpR load capacitance for all other outputs = 80pF. 

3. These values are characterized but not 100% production tested. 
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AC ELECTRICAL CHARACTERISTICS - PC INTERFACE 


SYMBOL 

PARAMETER 

INPUT 

OUTPUT 

SCL TIMING CHARACTERISTICS | 

tHDl STA 

START condition hold time 

^ 14 tcLCL 

> 4.0p.s^ 

fLOW 

SCL LOW time 

^ 1 6 tcLCL 

> 4.7ps^ 

tHIGH 

SCL HIGH time 

^ 14tcLCL 

> 4.0ps^ 

tRC 

SCL rise time 

1- 

VI 

_2 

tpc 

SCL fall time 

< 0.3fi.s 

< 0.3p.s^ 

SDA TIMING CHARACTERISTICS | 

tsu; dati 

Data set-up time 

> 250ns 

> 20 tcLCL - tRD 

tsu: DAT2 

SDA set-up time (before rep. START cond.) 

> 250ns 

> 1p.s‘' 

tsu; DAT3 

SDA set-up time (before STOP cond.) 

> 250ns 

> 8 tCLCL 


Data hold time 

>0ns 

> 8 tcLCL - tpc 


Repeated START set-up time 

^ 14 tcLCL 

> 4.7p.s^ 


STOP condition set-up time 

- 14 tcLCL 

> 4.0p.s^ 

QQHIIIIIIII 

Bus free time 

^ 14 tcLCL 

> 4.7ps^ 

fRD 

SDA rise time 

< 1p.s 

_2 

tpD 

SDA fall time 

< 0,3p.s 

< 0.3p.s^ 


NOTES: 

1 . At 1 00 kbit/s. At other bit rates this value Is Inversely proportional to the bit-rate of 1 00 kbit/s. 

2. Determined by the external bus-line capacitance and the external bus-line pull-resistor, this must be < Ips. 

3. Spikes on the SDA and SCL lines with a duration of less than 3 Iclcl will be filtered out. Maximum capacitance on bus-lines SDA and 
SCL = 400pF. 

4. tcLCL = 1/fosc = one oscillator clock period at pin XTAL1 . For 63ns (42ns) < tcLCL < 285ns {16MHz (24MHz) > fosc > 3.5MHz) the SI01 
interface meets the I^C-bus specification for bit-rates up to 100 kbit/s. 


TIMING SI01 (|2C) INTERFACE 
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EXPLANATION OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
first character is always ‘t’ (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 

A - Address 
C - Clock 
D - Input data 
H - Logic level high 

I - Instruction (program memory contents) 
L - Logic level low, or ALE 
P - PSEN 


Q - Output data 
R - R0 signal 
t - Time 
V - Valid 
W- WR signal 

X - No longer a valid logic level 
Z - Float 

Examples: bwLL = Time for address valid 
to ALE low. 

tLLPL = Time for ALE low 
to PSEN low. 
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INSTRUCTION 

ALE 

CLOCK 

OUTPUT DATA 

I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I a I 

tXLXL —>1 

1 

tQVXH 1"*— 

_r^ 

^ txHQX 


' ^ 


X 

X X X X X X 7 

WRITE TO SBUF 


L*xhdv^| 

k- txHDX ^ 

SETTI 

INPUT DATA 

CLEAR Rl 





SETRI 

Figure 5. Shift Register Mode Timing 
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tCHCL — ► 


Jf 


‘tcLCX^ 
tcLCL 


K-tcHCX-H 

tCLCH 


Figure 6. External Clock Drive at XTAL1 


Vdd-O-5 


X 0.2VDD+0-9 

0.2VDD-e.1 


NOTE: 

AC INPUTS DURING TESTING ARE DRIVEN AT Vdq-O.S FOR A LOGIC ’1' AND 
0.45V FOR A LOGIC 'O'. TIMING MEASUREMENTS ARE MADE AT V|h MIN FOR A 
LOGIC '1' AND V|L MAX FOR A LOGIC 'O'. 


Figure 7. AC Testing Input/Output 


VLOAD+®- 


vload" 


Vload-0- 


).1V 

11V X. 




TIMING 

REFERENCE 

POINTS 




>: 


VOH-O-IV 

V0L+O.IV 


NOTE: 

FOR TIMING PURPOSES, A PORT IS NO LONGER FLOATING WHEN A 100MV 
CHANGE FROM LOAD VOLTAGE OCCURS. AND BEGINS TO FLOAT WHEN A 
lOOmV CHANGE FROM THE LOADED Vqh/Vol LEVEL OCCURS. iQH/bL > ± 
20mA. 

Figure 8. Float Waveform 
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VdD 



VdD 



Figure 9. Iqd Test Condition, Active Mode 
All other pins are disconnected 


Figure 10. Iqd Test Condition, Idle Mode 
Ail other pins are disconnected 


Vdd 



Figure 11. Ipo Test Condition, Power Down Mode 
All other pins are disconnected. Vdd = 2V to 5.5V 


NOTE: 

* Ports 1 .6 and 1 .7 should be connected to Vcc through resistors of sufficiently high value such that the sink current into these pins does not 
exceed the Iqli specification. 



Purchase of Philips’ I^C components conveys a license under the 

Philips’ I^C patent to use the components in the I^C-system 

provided the system conforms to the I^C specifications defined by Philips. 
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DESCRIPTION 

The 87C652 Single-Chip 8-Bit Microcontroller 
is manufactured in an advanced CMOS 
process and is a derivative of the 80C51 
microcontroller family. The 87C652 has the 
same instruction set as the 80C51 . 

This device provides architectural 
enhancements that make It applicable in a 
variety of applications for general control 
systems. The 87C652 contains a non-volatile 
8k X 8 EPROM, a volatile 256 x 8 readAwrite 
data memory, four 8-bit I/O ports, two 16-bit 
timer/event counters (Identical to the timers of 
the 80C51), a multi-source, two-priority-level, 
nested interrupt structure, an I^C Interface, 
UART and on-chip oscillator and timing 
circuits. For systems that require extra 
capability, the 87C652 can be expanded 
using standard TTL compatible memories 
and logic. 

The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 45 two-byte and 1 7 
three-byte. With a 16MHz crystal, 58% of the 
instructions are executed in 0.75ps and 40% 
in 1 .5|j.s. Multiply and divide instructions 
require 3|is. 



PIN CONFIGURATION 


FEATURES 

• 80C51 central processing unit 

• 8k X 8 EPROM expandable externally to 
64k bytes (EPROM is not expandable) 

• 256 X 8 RAM, expandable externally to 
64k bytes 

• Two standard 16-bit timer/counters 

• Four 8-bit I/O ports 

• I^C-bus serial I/O port with byte oriented 
master and slave functions 

• Full-duplex UART facilities 

• Power control modes 

- Idle mode 

- Power-down mode 

• Five package styles 

• Extended temperature range 

• OTP package available 

• Three speed ranges 



LOGIC SYMBOL 















Philips Semiconductors Microcontroller Products 

Product specification 

CMOS single-chip 8-bit microcontroller 

87C652 

ORDER INFORMATION 



PHILIPS 

PART ORDER NUMBER 

PART MARKING 

PHILIPS NORTH AMERICA 
PART ORDER NUMBER 

TEMPERATURE 

RANGE (°C) 

AND PACKAGE 

FREQ 

MHz 

ROMIess 

ROM 

Drawing 

Number 

ROMIess 

ROM 

P80C652FBP 

P83C652FBP/XXX 

SOT129 

S80C652-4N40 

S83C652-4N40 

0 to -f-70, Plastic Dual In-line Package 

16 








P80C652FBA 

P83C652FBA/XXX 

SOT187 

S80C652-4A44 


0 to -f 70, Plastic Leaded Chip Carrier 

16 








P80C652FBB 

P83C652FBB/XXX 

SOT311 

S80C652-4B44 


0 to -f 70, Plastic Quad Flat Pack 

16 

P80C652FFP 

P83C652FFP/XXX 

SOT129 



-40 to -f 85. Plastic Dual In-line Package 

16 








P80C652FFA 

P83C652FFA/XXX 

SOT187 

S80C652-5A44 

S83C652-5A44 

-40 to -1-85, Plastic Leaded Chip Carrier 

16 








P80C652FFB 

P83C652FFB/XXX 

SOT311 

S80C652-5B44 

S83C652-5B44 

-40 to -f 85, Plastic Quad Flat Pack 

16 

P80C652FHP 

P83C652FHP/XXX 

SOT129 

S80C652-6N40 

S83C652-6N40 

-40 to -fI 25, Plastic Dual In-line Package 

16 

P80C652FHA 

P83C652FHA/XXX 

SOT187 

S80C652-6A44 

S83C652-6A44 

-40 to -f 125. Plastic Leaded Chip Cam'er 

16 

P80C652FHB 

P83C652FHB/XXX 

SOT311 

S80C652-6B44 

S83C652-6B44 

-40 to -F 125, Plastic Quad Flat Pack 

16 










































■ 







■ 








P80C652IBP 

P83C652IBP/XXX 

SOT129 

S80C652-AN40 

S83C652-AN40 

0 to -f 70. Plastic Dual In-line Package 

24 

P80C652IBA 

P83C652IBA/XXX 

SOT187 

S80C652-AA44 

S83C652-AA44 

0 to -f 70, Plastic Leaded Chip Carrier 

24 

P80C652IBB 

P83C652IBB/XXX 

SOT311 

S80C652-AB44 

S83C652-AB44 

0 to +70, Plastic Quad Fiat Pack 

24 

P80C652IFP 

P83C652IFP/XXX 

SOT129 

S80C652-BN40 

S83C652-BN40 

-40 to +85, Plastic Dual In-line Package 

24 

P80C652IFA 

P83C652IFA/XXX 

SOT187 

S80C652-BA44 

S83C652-BA44 

40 to +85, Plastic Leaded Chip Carrier 

24 

P80C652IFB 

P83C652IFB/XXX 

I SOT311 

S80C652-BB44 

S83C652-BB44 

40 to +85, Plastic Quad Flat Pack 

24 


NOTES: 

1 . 80C652 and 83C652 frequency range is 1 .2MHz-1 6 MH 2 or 1 .2 to 24MHz. 

2. 87C652 frequency range is 3.5MHz-16MHz or 3.5MHz-20MHz. 

3. The 87C652 EPROM is not expandable. 

4. XXX denotes the ROM code number. 
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EPROM 

Drawing 

Number 

TEMPERATURE 

RANGE {°C) 

AND PACKAGE 

S87C652-4N40 

041 5C 

0 to +70, Plastic Dual In-line Package 

S87C652-4F40 

0590B 

0 to +70, Ceramic Dual In-line 
Package w/Window 

S87C652-4A44 

0403G 

0 to +70, Plastic Leaded Chip Carrier 

S87C652-4K44 

1472A 

0 to +70, Ceramic Leaded Chip Camer 
w/Window 

S87C652-4B44 

1118D 

0 to +70, Plastic Quad Flat Pack 

S87C652-5N40 

041 5C 

-40 to +85, Plastic Dual In-line Package 

S87C652-5F40 

0590B 

-40 to +85, Ceramic Dual In-line Package 
wWindow 

S87C652-5A44 

0403G 

-40 to +85, Plastic Leaded Chip Carrier 

S87C652-5K44 

1472A 

-40 to +85, Ceramic Leaded Chip Carrier 
wA/Vindow 

S87C652-5B44 

1118D 

-40 to +85, Plastic Quad Flat Pack 










S87C652-7N40 

041 5C 

0 to +70, Plastic Dual In-line Package 

S87C652-7F40 

0590B 

0 to +70, Ceramic Dual In-line Package 
wA/Vindow 

S87C652-7A44 

0403G 

0 to +70, Plastic Leaded Chip Carrier 

S87C652-7K44 

1472A 

0 to +70, Ceramic Leaded Chip Carrier 
wA/Vindow 

S87C652-8N40 

041 5C 

-40 to +85, Plastic Dual In-line Package 

S87C652-8F40 

0590B 

-40 to +85, Ceramic Dual In-line Package 
wA/Vindow 

S87C652-8A44 

0403G 

-40 to +85, Plastic Leaded Chip Carrier 

S87C652-8K44 

1472A 

-40 to +85, Ceramic Leaded Chip Carrier 
wA/Vindow 
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CERAMIC AND PLASTIC LEADED 
CHIP CARRIER PIN FUNCTIONS 




6 

1 

40 

n 





o 



7 

c 




□ 39 




LCC 



17 

c 




□ 29 



u 

18 


u 

28 


Pin 

Function 


Pin 

Function 

1 

NC 



23 

NC 

2 

P1.0 


24 

P2.0/A8 

3 

PI 

.1 


25 

P2.1/A9 

4 

PI. 2 


26 

P2.2/A10 

5 

PI. 3 


27 

P2.3/A11 

6 

P1.4 


28 

P2.4/A12 

7 

PI 

.5 


29 

P2.5/A13 

8 

P1.6/SCL 


30 

P2.6/A14 

9 

P1.7/SDA 


31 

P2.7/A15 

10 

RST 


32 

PEER 

11 

P3.0/RxD 


33 

ALE/PHOG 

12 

NC 



34 

NC 

13 

P3.1/TxD 


35 

EA/Vpp 

14 

P3.2/INT0 


36 

P0.7/AD7 

15 

P3.3/INTT 


37 

P0.6/AD6 

16 

P3.4/T0 


38 

P0.5/AD5 

17 

P3.5m 


39 

P0.4/AD4 

18 

P3-6A?7R 


40 

P0.3/AD3 

19 

P3.7/RrJ 


41 

P0.2/AD2 

20 

XTAL2 


42 

P0.1/AD1 

21 

XTAL1 


43 

PO.O/ADO 

22 

vss 


44 

Vcc 


PLASTIC QUAD FLAT PACK 
PIN FUNCTIONS 





Function 

P2.5/A13 

P2.6/A14 

P2.7/A15 

PSEfI 

ALE/PHOG 

NC 

ETWpp 

P0.7/«D7 

P0.6/AD6 

P0.5//«D5 

P0.4/AD4 

P0.3/AD3 

P0.2/AD2 

P0.1/AD1 

PO.O/ADO 

Vcc 
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BLOCK DIAGRAM 


FREQUENCY 

REFERENCE 


)CTAL2 XTALI 


COUNTERS 

I ’ 1 

T1 


TO 



SHARED 

WITH 

PORT1 


EXTERNAL 

INTERRUPTS 


PARALLEL PORTS, 
ADDRESS/DATA BUS 
AND I/O PINS 


SERIAL IN SERIAL OUT 


SHARED WITH 
PORTS 


NOTE: 

1. The 87C652 EPROM is not expandable. 
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PIN DESCRIPTION 




PIN NO. 




MNEMONIC 

DIP 

LCC 

QFP 

TYPE 

NAME AND FUNCTION 

Vss 

20 

22 

16 

1 

Ground: OV reference. 

Vcc 

40 

44 

38 

1 

Power Supply: This is the power supply voltage for normal, idle, and power-down operation. 

PO.0-0.7 

39-32 

43-36 

37-30 

I/O 

Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1 s written to them 
float and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order 
address and data bus during accesses to external program and data memory. In this 
application, it uses strong interned pull-ups when emitting Is. Port 0 also outputs the code 
bytes during program verification in the 87C652. External pull-ups are required during 
program verification. 

P1.0-P1.7 


2-9 

40^4, 

1-3 

I/O 

Port 1 : Port 1 is an 8-bit bidirectional I/O port with internal pull-ups, except PI. 6 and PI. 7 
which are open drain. Port 1 pins that have Is written to them are pulled high by the internal 
pull-ups and can be used as Inputs. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: I|l). 

Port 1 also receives the low-order address byte during program memory verification. 

Alternate functions include: 

P1.6 

7 

8 

2 

I/O 

SCL: I^C-bus serial port clock line. 

PI. 7 

8 

9 

3 

I/O 

SDA: I^C-bus serial port data line. 

P2.0-P2.7 

21-28 

24-31 

18-25 

I/O 

Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have Is 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: I|l). Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal 
pull-ups when emitting 1 s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits tfie contents of the P2 special function register. 

P3.0-P3.7 

10-17 

11. 

13-19 

5. 

7-13 

I/O 

Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have Is 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are externally being pulled low will source current because of the pull-ups. 

(See DC Electrical Characteristics: Iil). Port 3 also serves the special features of the 80C51 
family, as listed below: 


10 

11 

5 

1 

RxD (P3.0): Serial input port 


11 

13 

7 

O 

TxD (P3.1): Serial output port 


12 

14 

8 

1 

INTO (P3.2): External interrupt 


13 

15 

9 

1 

INTi (P3.3): External interrupt 


14 

16 

10 

1 

TO (P3.4): Timer 0 external input 


15 

17 

11 

1 

T1 (P3.5): Timer 1 external Input 


16 

18 

12 

o 

WR (P3.6): External data memory write strobe 


17 

19 

13 

o 

T?D (P3.7): External data memory read strobe 

RST 

9 

10 

4 

1 

Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vcc- 

ALE/PROG 

30 

33 

27 

I/O 

Address Latch Enable/Program Pulse: Output pulse for latching the low byte of the 
address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse is skipped during each access to external data memory. This pin is 
also the program pulse Input (PRoG) during EPROM programming. 

P5ER 

29 

32 

26 

o 

Program Store Enable: The read strobe to external program memory. When the 87C652 is 
executing code from the external program memory, PSEN is activated twice each machine 
cycle, except that two PSEN activations are skipped during each access to external data 
memory. PSEN is not activated during fetches from internal program memory. 

EA/Vpp 

31 

35 

29 

1 

External Access Enable/Programming Supply Voltage: EA must be externally held low to 
enable the device to fetch code from external program memory locations OOOOH and 1 FFFH. 

If EA is held high, the device executes from internal program memory unless the program 
counter contains an address greater than 1FFFH. This pin also receives the 12.75V 
programming supply voltage (Vpp) during EPROM programming. 

XTAL1 

19 

21 

15 

1 

Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 

XTAL2 

18 

20 

14 

o 

Crystal 2: Output from the inverting oscillator amplifier. 


NOTE: 


To avoid latch-up” effect at power-on, the voltage on any pin at any time must not be higher than Vcc + 0.5V or Vss - 0.5V. respectively. 
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OSCILLATOR 

CHARACTERISTICS 

XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol, 
page NO TAG. 

To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

RESET 

A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 


RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on Vcc and RST must 
come up at the same time for a proper 
start-up. 

IDLE MODE 

In the idle mode, the CPU puts itself to sleep 
while all of the on-diip peripherals stay 
active. The Instruction to Invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the Idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during tills mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN MODE 

In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
presen/ed. A hardware reset is the only way 
to terminate the power-down mode, the 
control bits for the reduced power modes are 
in the special function register PCON. Table 1 
shows the state of the I/O ports during low 
current operating modes. 


Table 1. External Pin Status During Idle and Power-Down Mode 


MODE 

PROGRAM 

MEMORY 

ALE 

PSEN 

PORTO 

PORT1 

PORT 2 

PORT 3 

Idle 

Internal 

1 

1 

Data 

Data 

Data 

Data 

Idle 

External 

1 

1 

Float 

Data 

Address 

Data 


Internal 

0 

0 

Data 

Data 

Data 

Data 

I Power-down 

External 

0 

0 

Float 

Data 

Data 

Data 


Serial Control Register (SI CON) - See Table 2 

SI CON (D8H) 


CR2 

ENSI 

STA 

STO 

H 

1 

CRI 

CRO 


Bits CRO, CR1 and CR2 determine the serial clock frequency that is generated in the master mode of operation. 


Table 2. Serial Clock Rates 





BIT FREQUENCY (kHz) AT fosc 



CR2 

CR1 

CRO 

6MHz 

12MHz 

16MHz 

20MHz 

fosc DIVIDED BY 

0 

0 

0 

23 

47 

62.5 

78 

256 

0 

0 

1 

27 

54 

71 

89 

224 

0 

1 

0 

31.25 

62.5 

83.3 

104^ 

192 

0 

1 

1 

37 

75 

100 

CM 

160 

1 

0 

0 

6.25 

12.5 

17 

21 

960 

1 

0 

1 

50 

100 

133^ 

166^ 

120 

1 

1 

0 

100 

200^ 

267^ 

334^ 

60 

1 

1 

1 

> 0.25 < 62.5 

0 to 255 

> 0.5 < 62.5 
Oto 254 

> 0.65 < 55.6 

0 to 253 

> 0.81 < 69.4 

0 to 253 

96 X (256 - (reload value Timer 1 )) 
(Reload value range: 0 - 254 in mode 2) 


NOTES: 


1 . These frequencies exceed the upper limit of 1 0OkHz of the I^C-bus specification and cannot be used in an I^C-bus application. 
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ABSOLUTE MAXIMUM RATINGS’ 2. 3 


PARAMETER 

RATING 

UNIT 

Storage temperature range 

-65 to -f150 

HHIiSiilH 

Voltage on EAA/pp to Vss 

-0.5 to 13 

V 

Voltage on any other pin to Vss 

-0.5 to + 6.5 

V 

Input, output current on any single pin 

±5 

mA 

Input, output current on any two pins 

+10 

mA 

Power dissipation (based on package heat transfer 
limitations, not device power consumption) 

1 

W 


NOTES: 


1 . Stresses above those listed under Absolute Maximum Ratings may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at 
these or any conditions other than those described in the AC and DC Electrical 
Characteristics section of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices 
from the damaging effects of excessive static charge. Nonetheless, it is suggested that 
conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All 
voltages are with respect to Vss unless otherwise noted. 


DEVICE SPECIFICATIONS 



SUPPLY VOLTAGE 
(V) 

FREQUENCY 

(MHz) 

TEMPERATURE 

TYPE 

MIN. 

MAX. 

MIN. 

MAX. 

(°C) 

S87C652^ 

4.5 

5.5 

3.5 

16 

0 to +70 

S87C652-5 

4.5 

5.5 

3.5 

16 

-40 to +85 

S87C652-7 

4.5 

5.5 

3.5 

20 

0 to +70 

S87C652-8 

4.5 

5.5 

3.5 

20 

^0 to +85 
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DC ELECTRICAL CHARACTERISTICS 

Vss = 0V 





TEST 

UMITS 


SYMBOL 

PARAMETER 

PART TYPE 

CONDITIONS 

MIN. 

MAX. 

UNIT 

ViL 

Input low voltage, 

0°C to -i-70°C 


-0.5 

0.2Vcc-0.1 

V 


except EA. P1.6/SCL. P1.7/SDA 

-AO^C to +85®C 


-0.5 

0.2Vcc-0.15 

V 

VlLI 

Input low voltage to EA 

0°C to +70®C 


-0.5 

0.2Vcc-0.3 

V 


-40®C to +85“C 


-0.5 

0.2VCC-0.35 

V 

V,L2 

Input low voltage to P1.6/SCL, PI .7/SDA® 



-0.5 

1.5 

V 


Input high voltage, except XTAL1, RST, 

0®C to -i-70°C 


0.2Vcc + 0.9 

Vcc + 0.5 

V 

■■ 

P1.6/SCL.P1.7/SDA 

--A0°C to +85°C 


0.2Vcc + 1.0 

Vcc + 0.5 

V 

V|H1 

Input high voltage, XTAL1, RST 

0°C to +70°C 


0.7VCC 

Vcc + 0.5 

m 



-40°C to -i-85°C 


0.7Vcc + 0.1 

Vcc + 0.5 

■1 

V|H2 

Input high voltage. P1.6/SCL, Pl.T/SDA® 



3.0 

6.0 

V 

VoL 

Output low voltage, ports 1 , 2, 3, 
except P1.6/SCL, P1.7/SDA 


loL = 1-6mA® 


0.45 


boh 

Output low voltage, port 0, ALE, PSEN 


Iql = 3.2mA® 


0.45 

V 

B9H 

Output low voltage, PI .6/SCL, P1.7/SDA 


loL = 3.0mA 


0.4 



Output high voltage, ports 1 , 2, 3 

0°C to -h70°C 

loH = 

2.4 



IIH 


^0°C to -h85°C 

loH = -25|iA 

0.75Vcc 


■■ 


Output high voltage, Port 0 in external bus 

0°C to -h70“C 

Iqh = — 400pA 

2.4 


V 

■IH 

mode, ALE, PSEN, RST® 

-40°C to +B5°C 

loH =-150pA 

0.75Vcc 


V 

■H 

Logical 0 input current, ports 1. 2, 3, except 

0°C to +70‘’C 

V|N = 0.45V 


-50 

pA 

■■ 

P 1. 6/SCL. PI. 7/SDA 

^0°C to -^85°C 



-75 

pA 

•tl 

Logical 1-to-O transition current, ports 1, 2, 

0°C to +70°C 

See Note 7 


-650 

pA 


3. except PI. 6/SCL. PI. 7/SDA 

-40°C to -r85°C 



-750 

pA 

Ili 

Input leakage current, port 0 


0.45<Vi<Vcc 


±10 

pA 

Il2 

Input leakage current, PI. 6/SCL. PI .7/SDA 


OV < Vi < 6.0V 


±10 





0V<Vcc<6.0V 




•cc 

Power supply current: 


See Note 1 

Vcc = 6.0V 





Active mode <§> ISMHz^ 




25 

mA 


Idle mode@ 16MHz® 




6 

mA 


Power down mode ® 

O^C to -»-70°C 



50 

pA 


Power down mode ® 

-40°C to +125°C 



135 

pA 

Rrst 

Internal reset pull-down resistor 



50 

150 


C|o 

Pin Capacitance 


Freq. = 1 MHz 


10 

pF 


NOTES: See next page. 
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NOTES FOR DC ELECTRICAL CHARACTERISTICS: 

1 . See Figures 20 through 23 for Ice test conditions. 

2. The operating supply current is measured with all output pins disconnected; XTAL1 driven with tr = = 1 0ns; V|l = Vss + 0.5V; V|h = Vec 

-0.5V; XTAL2 not connected; EA = RST = Port 0 = PI .6 = P1 .7 = Vec; fcLK = 16MHz. See Figure 20. 

3. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with t^ = tf = 10ns; V|l = Vss + 0.5V; V|h = Vec 

-0.5V; XTAL2 not connected; Port 0 = PI .6 = PI .7 = Vec; ^ = RST = Vss: fcLK = 16MHz. See Figure 21. 

4. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = PI .6 = PI .7 = Vcc: ^ = RST = Vss- 
See Figure 23. 

5. 2V <; Vp0 ^ VccHiax. 

6. The input threshold voltage of PI .6 and PI .7 (SI01) meets the I^C specification, so an input voltage below 1 .5V will be recognized as a logic 
0 while an input voltage above 3.0V will be recognized as a logic 1. 

7. Pins of ports 1 . 2, and 3 source a transition current when they are being externally driven from 1 to 0. The transition current reaches its 
maximum value when V|n is approximately 2V. 

8. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VqlS of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when tiiese pins make 1-to-O transitions during bus operations. In the 
worst cases (capacitive loading > lOOpF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. Iql can exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 

9. Capacitive loading on ports 0 and 2 may cause the Vqh on ALE and PSEN to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 


January 7. 1993 


952 




Philips Semiconductors Microcontroller Products 


Product specification 


CMOS single-chip 8-bit microcontroller 


87C652 


AC ELECTRICAL CHARACTERISTICS 

Tamb = 0°C to +70°C, or Tamb = -40°C to +B5°C, Vgs = OV^- 



Data Memory 



twHQX 13. 14 

tRLAZ 13. 14 

IWHLH 13, 14 

Shift Register 
txLXL i i5~ 



Address to valid instruction in 
PSEN low to address float 


I Address valid to ALE low 


RU pulse width 


WR pulse width 


Data hold after RU 


Data float after RD 


ALE low to valid data in 
Address to valid data In 


ALE low to RD or WR low 


Address valid to WR low or RD low 


Data valid to WR transition 


Data setup time before WR 
Data hold after WR 
RD low to address float 
RD or WR high to ALE high 

Serial port dock cycle time'* 


Output data setup to dock rising edge^ 


Output data hold after clock rising edge'* 


Input data hold after clock rising edge'* 


Clock rising edge to input data valid* 


16 MHz CLOCK 


VARIABLE CLOCK 


12 

Oscillator frequency 

12 

ALE pulse width 

12 

Address valid to ALE low 

12 

Address hold after ALE low 

12 


12 

ALE low to PSEN low 

12 

PSEN pulse width 

12 

PSeN low to valid instruction in 

12 

Input instruction hold after PSEN 

12 

Input instruction float after PSEN 



tcLCL-SS 





7tcLCL-150 

tcLCL-50 


0 

tcLCL+'^O 



High time'* 


Low time^ 
Rise time'* 
Fall time'* 


ICLCL-tHIGH 

20 

20 
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AC ELECTRICAL CHARACTERISTICS (Continued) 

Tamb = 0°C to -t 70°C. or Tamb = -40°C to t-85°C. Vss = 0V^-^ 


SYMBOL 

FIGURE 

PARAMETER 

20MHz CLOCK 

VARIABLE CLOCK 

UNIT 

MIN 

MAX 

MIN 

MAX 

l/tCLCL 

12 

Oscillator frequency 



3.5 

20 


tlHLL 

12 

ALE pulse width 

60 


2tcLCL-40 


ns 

fAVLL 

12 

Address valid to ALE low 

25 


tcLCL-25 


ns 

^LLAX 

12 

Address hold after ALE low 

25 


tcLCL-25 


ns 

tLLIV 

12 

ALE low to valid instruction in 


135 


4tcLCL-65 

ns 

tLLPL 

12 

ALE low to PSeN low 

25 


tCLCL-25 


ns 

tpLPH 

12 

PSEN pulse width 

105 


3tcLCL-45 


ns 

tpLIV 

12 

PSEN low to valid instruction in 


90 


3tcLCL-30 

ns 

tpxix 

12 

Input instruction hold after PSEN 

0 


0 


ns 

tpxiz 

12 

Input instruction float after PsEN 


25 


tCLCL-25 

ns 

Wiv 

12 

Address to valid instruction in 


170 


5tcLCL-30 

ns 

tpLAZ 

12 

PSEN low to address float 


10 


10 

ns 

Data Memory | 

UVLL 

13. 14 

Address valid to ALE low 

25 


tcLCL-25 


ns 

tRLRH 

13. 14 

TTD pulse width 

200 


6tcLCL-100 


ns 

twLWH 

13. 14 

WR pulse width 

200 


6tcLCL“100 


ns 

Irldv 

13. 14 

HD low to valid data in 


160 


5tcLCL-90 

ns 

Irhdx 

13. 14 

Data hold after HD 

0 


0 


ns 

Irhdz 

13. 14 

Data float after HD 


72 


2tcLCL-28 

ns 

tlLDV 

13, 14 

ALE low to valid data in 


250 


1^99^^311 

ns 

^AVDV 

13. 14 

Address to valid data in 


285 



ns 


13, 14 

ALE low to HD or WR low 

100 

200 

3bLCL-50 


ns 



Address valid to WR low or HD low 

125 




ns 



Data valid to WR transition 

20 


IIII^EBSSU 


ns 

bw 

13. 14 

Data setup time before WR 

220 




ns 

tWHQX 

13. 14 

Data hold after WR 

25 


tcLCL-25 


ns 

fRLAZ 

13. 14 

HD low to address float 


0 


0 

ns 

IWHLH 

13. 14 

HD or WH high to ALE high 

25 

75 

fCLCL-25 

tcLCL+25 

ns 

Shift Register | 

tXLXL 

15 

Serial port clock cycle time"^ 

0.6 


12tcLCL 


ps 

bvxH 

15 

Output data setup to clock rising edge"^ 

367 


1 0tCLCL-^ 33 


ns 

tXHQX 

15 

Output data hold after clock rising edge"^ 

40 


2tcLCL"60 


ns 

tXHDX 

15 

Input data hold after clock rising edge^ 

0 


0 


ns 

tXHDV 

15 

Clock rising edge to input data valid"^ 


367 


“lOtcLCL-l 33 

ns 

External Clock | 

tCHCX 

16 

High time^ 

17 


17 

tCLCL-tlOW 

ns 

bLCX 

16 

Low time"^ 

17 


17 

blCL - biGH 

ns 

blCH 

16 

Rise time^ 


20 


20 

ns 

ICHCL 

16 

Fall time^ 


20 


20 

ns 
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AC ELECTRICAL CHARACTERISTICS (Continued) 

Tamb = 0°C to +70°C. or Tamb = tO +85°C. Vss = OV^’ ^ 


SYMBOL 

PARAMETER 

INPUT 

OUTPUT 

PC Interface | 

tnDl STA 

START condition hold time 

5 1 4 tcLCL 

> 4.0fxs ^ 

flow 

SCL low time 

^ 1 6 tcLCL 

> 4.7]is ^ 

fniGH 

SCL high time 

^ 1 4 tcLCL 

> 4.0ps ^ 

tRC 

SCL rise time 

< 1ps 

_5 

tpc 

SCL fall time 

< 0.3p.s 

< 0.3ps ® 

tsu: DATI 

Data set-up time 

> 250ns 

> 20 tcLCL - tRD 

tsui DAT2 

SDA set-up time (before rep. START cond.) 

> 250ns 

> Ips ^ 

tsu: DATS 

SDA set-up time (before STOP cond.) 

> 250ns 

> 8 tcLCL 

fHDi DAT 

Data hold time 

>0ns 

> 8 tcLCL - tpc 

tsu’. STA 

Repeated START set-up time 

^ 14 tcLCl"^ 

> 4.7ps ^ 

tsu: STO 

STOP condition set-up time 

>14tcLCL^ 

> 4.0p.s ^ 

tsUF 

Bus free time 

£14tcLCL'' 

> 4.7|xs ^ 

tRD 

SDA rise time 

< Ips^ 

_5 

tpD 

SDA fall time 

< 300ns^ 

< 0.3|i.s ® 


NOTES: 


1 . Parameters are valid over operating te mpera ture range and voltage range unless otherwise specified. 

2. Load capacitance for port 0, ALE, and PSEN = 1 0OpF, load capacitance for all other outputs = 80pF. 

3. These values are characterized but not 1 00% production tested. 

4. At 100 kbit/s. At other bit rates this value is inversely proportional to the bit-rate of 100 kbit/s. 

5. Determined by the external bus-line capacitance and the external bus-line pull-resistor, this must be < Ips. 

6. Spikes on the SDA and SCL lines with a duration of less than 3 tcLCi will be filtered out. Maximum capacitance on bus-lines SDA and 
SCL = 400pF. 

7. tcLCL = 1/fosc = one oscillator clock period at pin XTAL1 . For 63ns < tcicL < 285ns (16MHz > fosc > 3.5MHz) the I^C interface meets the 
I^C-bus specification for bit-rates up to 100 kbit/s. 
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EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has five characters. The Q 
first character is always ‘t’ (= time). The other R 
characters, depending on their positions, t 

indicate the name of a signal or the logical V 
status of that signal. The designations are: W 

A - Address X 

C - Clock Z 

D - Input data Ex 

H - Logic level high 

I - Instruction (program memory contents) 

L - Logic level low, or ALE 
P - PEER 


Q - Output data 
R - "RU signal 
t - Time 
V - Valid 
W- WR signal 

X - No longer a valid logic level 
Z - Float 

Examples: tAVLL = Time for address valid 
to ALE low. 

tiLPL = Time for ALE low 
to PSEN low. 
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Figure 14. External Data Memory Write Cycle 


INSTRUCTION | o | 1 | 2 | 3 | 4 | 5 | 6 | 7 ] 8 ] 

j<— fxLXL — *1 



KVAUDX XVAUDY XVAUDY XvaudY Yvaud> 


Figure 1 5. Shift Register Mode Timing 


^0-7Vcc \ 

0.2VCC-0-1 ^ ^ 

tCHCL— ► ♦-tcLCX-*- •<™-tCLCH 


Figure 1 6. External Clock Drive 
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x: 

NOTE: 

AC INPUTS DURING TESTING ARE DRIVEN AT Vcc-0.5 FOR A LOGIC 'V AND 
0.45V FOR A LOGIC ’O'. TIMING MEASUREMENTS ARE MADE AT V|h MIN FOR A 
LOGIC 'V AND V|L MAX FOR A LOGIC ’O'. 

Figure 18. AC Testing Input/Output 


Vcc-O-5 




2VCC+0-9 

0-2VCC-0-1 


Vload' 


vload+0- 


VlOAD-O- 


3.1V 

1.1V 




TIMING 

REFERENCE 

POINTS 




>: 


VoH-O-lV 

► 

VoL+O-lV 


NOTE: 

FOR TIMING PURPOSES. A PORT IS NO LONGER FLOATING WHEN A 100MV 
CHANGE FROM LOAD VOLTAGE OCCURS. AND BEGINS TO FLOAT WHEN A 
lOOmV CHANGE FROM THE LOADED Voh/VqL LEVEL OCCURS. 

•OH/IOL2i±20fTiA. 


Figure 19. Float Waveform 
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Vcc 



Vcc 



Figure 20. Iqc Test Condition, Active Mode 
All other pins are disconnected 


Figure 21 . Ice Test Condition, Idle Mode 
Ail other pins are disconnected 


Vcc-0.5 

0.45V 




'CHCL 






-tCLCX-H 



fCHCXq 

"tcLCH 


fCLCL 


Figure 22. Clock Signal Waveform for Ice 
Tests in Active and Idle Modes 

*CLCL = tCHCL = 10113 


Vcc 



Figure 23. Ice Test Condition, Power Down Mode 
All other pins are disconnected 
Vcc = 2V to 5.5V 


NOTE: 

* Ports 1 .6 and 1 .7 should be connected to Vcc through resistors of sufficiently high value such that the sink current into these pins does not 
exceed the Iqli specification. 
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EPROM CHARACTERISTICS 

The 87C652 is programmed by using a 
modified Quick-Pulse Programming™ 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALE/PROG pulses. 

The 87C652 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C652 manufactured by Philips 
Components. 

Table 3 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 24 and 25. Figure 26 shows 
the circuit configuration for normal program 
memory verification. 

Quick-Pulse Programming 

The setup for microcontroller quick-pulse 
programming is shown in Figure 24. Note that 
the 87C652 is running with a 4 to 6MFI2 
oscillator. The reason the oscillator needs to 
be running is that the device is executing 
Internal address and program data transfers. 

The address of the EPROM location to be 
programmed is applied to ports 1 and 2. as 
shown in Figure 24. The code byte to be 
programmed into that location is applied to 
port 0. RST, PSEN and pins of ports 2 and 3 
specified in Table 3 are held at the 'Program 
Code Data’ levels indicated in Table 3. The 
ALE/PROG is pulsed low 25 times as shown 
in Figure 25. 


To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through 1FH, using the “Pgm 
Encryption Table’ levels. Do not forget that 
after the encryption table Is programmed, 
verification cycles will produce only encrypted 
data. 

To program the lock bits, repeat the 25 pulse 
programming sequence using the ‘Pgm Lock 
Bit’ levels. After one lock bit is programmed, 
further programming of the code memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 

Note that the DWpp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 

Program Verification 

If lock bit 2 has not been programmed, the 
on-chip program memory can be read out for 
program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 26. The other pins are held at the 
’Verify Code Data’ levels indicated in Table 3. 
The contents of the address location will be 
emitted on port 0. External pull-ups are 
required on port 0 for this operation. 

If the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents in order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature Bytes 

The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are; 

(030H) = 5H indicates manufactured by 
Philips 

(031 H) = 99H indicates 87C652 

ProgramA^erify Algorithms 

Any algorithm in agreement with the 
conditions listed in Table 3, and which 
satisfies the timing specifications, is suitable. 

Erasure Characteristics 

Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years In room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, it 
is recommended that an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 

The recommended erasure procedure Is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/cm2 Exposing the EPROM to an 
ultraviolet lamp of 1 2,OOOuW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. Erasure leaves the 
array in an all Is state. 


Table 3. EPROM Programming Modes 


MODE 

RST 

PSEN 

ALE/PROG 

EA/Vpp 

P2.7 

P2.6 

P3.7 

P3.6 

Read signature 

1 

0 

1 

1 

0 

0 

0 

0 

Program code data 

1 

0 

0* 

Vpp 

1 

0 

1 

1 

Verify code data 

1 

0 

1 

1 

0 

0 

1 

1 

Pgm encryption table 

1 

0 

0* 

Vpp 

1 

0 

1 

0 

Pgm lock bit 1 

1 

0 

0* 

Vpp 

1 

1 

1 

1 

Pgm lock bit 2 

1 

0 

0* 

Vpp 

1 

1 

0 

0 


NOTES: 

1 . ’0’ = Valid low for that pin, ’ 1 ’ = valid high for that pin. 

2. Vpp = 12.75V ±0.25V. 

3. Vcc = 5V±1 0% during programming and verification. 

* ALE/P ROG receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for lOOps (±10ps) and high for a 
minimum of lOps. 


^Trademark phrase of Intel Corporation. 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 

Tamb = 21 °C to +27°C. Vcc = 5V±10%, Vss = OV (see Figure 27) 


PARAMETER 


Programming supply voltage 























*FOR PROGRAMMING VERIFICATION SEE FIGURE 24. 
FOR VERIFICATION CONDITIONS SEE FIGURE 26. 


Figure 27. EPROM Programming and Verification 



Purchase of Philips’ I^C components conveys a license under the 

Philips’ i^C patent to use the components in the |2c«system 

provided the system conforms to the I^C specifications defined by Philips. 
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DESCRIPTION 

The P83C654 Single-Chip 8-Bit 
Microcontroller is manufactured in an 
advanced CMOS process and is a derivative 
of the 80C51 microcontroller family. The 
83C654 has the same instruction set as the 
80C51 . Two versions of the derivative exist: 

83C654 — 16k bytes mask programmable 
ROM 

87C654 — EPROM version (described in a 
separate data sheet) 

This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The 83C654 contains a non-volatile 
16k X 8 read-only program memory, a volatile 
256 X 8 read/write data memory, four 8-bit 
I/O ports, two 16-bit timer/event counters 
(identical to the timers of the 80C51), a 
multi-source, two-priority-level, nested 
interrupt structure, an I^C interface, UART 
and on-chip oscillator and timing circuits. For 
systems that require extra capability, the 
8XC654 can be expanded using standard 
TTL compatible memories and logic. 

The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 45 two-byte and 17 
three-byte. With a 16(24)MHz crystal, 58% of 
the instructions are executed in 0.75(0.5)ps 
and 40% in 1 .5(1)|is. Multiply and divide 
instructions require 3(2)ps. 



PIN CONFIGURATIONS 


FEATURES 

• 80C51 central processing unit 

• 1 6k X 8 ROM expandable externally to 
64k bytes 

• 256 X 8 RAM. expandable externally to 
64k bytes 

• Two standard 16-bit timer/counters 

• Four 8-bit I/O ports 

• I^C-bus serial I/O port with byte oriented 
master and slave functions 

• Full-duplex UART facilities 

• Power control modes 

- Idle mode 

- Power-down mode 

• ROM code protection 

• Extended frequency range; 1.2 to 24 MHz 

• Three operating ambient temperature 
ranges; 

- 0 to +70°C 

- ^0 to +85*^0 

- -^0to+125°C 


LOGIC SYMBOL 
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ORDERING INFORMATION 



PHIUPS PART 

ORDER NUMBER 

PART MARKING 

PHIUPS NORTH AMERICA 
PART ORDER NUMBER 


TEMPERATURE 

RANGE X 

AND PACKAGE 

FREQ 

MHz2>3 

ROMiess^ 

ROM 

ROMIess^ 

ROM 

Drawing 

Number 

P80C652FBP 

P83C654FBP/XXX 

S80C652-4N40 

S83C654-4N40 

SOT129 

0 to +70, Plastic Dual In-line Package 

16 






0 to +70, Ceramic Dual In-line Package 
w/Window 

16 

P80C652FBA 

P83C654FBA/XXX 

S80C652-4A44 

S83C654-4A44 

SOT187 

0 to +70, Plastic Leaded Chip Carrier 

16 








P80C652FBB 

P83C654FBB/XXX 

S80C652-4B44 

S83C654-4B44 

SOT311 

0 to +70, Plastic Quad Flat Pack 

16 

P80C652FFP 

P83C654FFP/XXX 

S80C652-5N40 

S83C654-5N40 

SOT129 

-40 to +85, Plastic Dual In-line Package 

16 








P80C652FFA 

P83C654FFA/XXX 

S80C652-5A44 

S83C654-5A44 


-40 to +85, Plastic Leaded Chip Carrier 

16 








P80C652FFB 

P83C654FFB/XXX 

S80C652-5B44 

S83C654-5B44 

SOT311 

-40 to +85, PlasticQuad Flat Pack 

16 

P80C652FHP 

P83C654FHP/XXX 

S80C652-6N40 

S83C654-6N40 

SOT 129 

-40 to +125, Plastic Dual In-line Package 

16 

P80C652FHA 

P83C654FHA/XXX 

S80C652-6A44 

S83C654-6A44 

SOT187 

-40 to +1 25, Plastic Leaded Chip Carrier 

16 

P80C652FHB 

P83C654FHB/XXX 

S80C652-6B44 

S83C654-6B44 

SOT311 

-40 to +125, PlasticQuad Flat Pack 

16 






















1 



































P80C652IBP 

P83C654IBP/XXX 

S80C652-AN40 

S83C654-AN40 

SOT129 

0 to +70, Plastic Dual In-line Package 

24 

P80C652IBA 

P83C654IBA/XXX 

S80C652-AA44 

S83C654-AA44 

SOT187 

0 to +70, Plastic Leaded Chip Carrier 

24 

P80C652IBB 

P83C654IBB/XXX 

S80C652-AB44 

S83C654-AB44 

SOT311 

0 to +70. Plastic Quad Flat Pack 

24 

P80C652IFP 

P83C654IFP/XXX 

S80C652-BN40 

S83C654-BN40 


-40 to +85, Plastic Dual In-line Package 

24 

P80C652IFA 

P83C654IFA/XXX 

S80C652-BA44 

S83C654-BA44 

SOT187 

-40 to +85, Plastic Leaded Chip Carrier 

24 

P80C652IFB 

P83C654IFB/XXX 

S80C652-BB44 

S83C654-BB44 

SOT311 

-40 to +85, Plastic Quad Flat Pack 

24 


NOTES: 

1 . For full specification, see the 80C652/83C652 data sheet. 

2. 83C654 frequency range is 1 .2MHz - 16MHz or 1 .2MHz - 24MHz. 

3. For specification of the EPROM version, see the 87C654 data sheet. 

4. XXX denotes the ROM code number. 
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TEMPERATURE 

RANGE °C 

AND PACKAGE 

FREQ 

MHz2-3 

EPROM3 

Drawing 

Number 

S87C654-4N40 

041 5C 

0 to +70, Plastic Dual In-line Package 

16 

S87C654-4F40 

0590B 

0 to +70, Ceramic Dual In-line Package 
wAWindow 

16 

S87C654-4A44 

0403G 

0 to +70. Plastic Leaded Chip Carrier 

■■ 

S87C654-4K44 

1472A 

0 to +70, Ceramic Leaded Chip Carrier 
wA/Vindow 

B 

S87C654-4B44 

1118D 

0 to +70, PlasticQuad Flat Pack 

16 

S87C654-5N40 

041 5C 

-40 to +85, Plastic Dual In-line Package 

16 

S87C654-5F40 

0590 B 

^0 to +85, Ceramic Dual In -line Package 
wA/Vindow 


S87C654-5A44 

0403G 

^0 to +85. Plastic Leaded Chip Carrier 

_j6j 

S87C654-5K44 

1472A 

-40 to +85, Ceramic Leaded Chip Carrier 
wA/Vindow 


S87C654-5B44 

1118D 

-40 to +85, Plastic Quad Flat Pack 

16 













S87C654-7N40 

041 5C 

0 to +70. Plastic Dual In-line Package 

20 

S87C654-7F40 

0590 B 

0 to +70, Ceramic Dual In-line Package 
wAA/indow 

20 

S87C654-7A44 

0403G 

0 to +70, Plastic Leaded Chip Carrier 

20 

S87C654-7K44 

1472A 

0 to +70, Ceramic Leaded Chip Carrier 
wA/Vindow 

20 





S87C654-8N40 

041 5C 

-40 to +85, Plastic Dual In-line Package 


S87C654-8F40 

0590B 

-40 to +85, Ceramic Dual In-line Package 
wAWindow 


S87C654^A44 

0403G 

-40 to +85, Plastic Leaded Chip Carrier 
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PLASTIC LEADED CHIP 
CARRIER PIN FUNCTIONS 




6 

n 

1 

n 

40 

n 




/ 

o 




7ll 




□ 39 




PLCC 




t7[: 




□ 29 



u 

18 


u 

28 


Pin 

Function 


Pin 

Function 

1 

NC 



23 

NC 

2 

PI 

.0 


24 

P2.0/A8 

3 

PI 

.1 


25 

P2.1/A9 

4 

P1 

.2 


26 

P2.2/A10 

5 

PI 

.3 


27 

P2.3/A11 

6 

P1.4 


28 

P2.4/A12 

7 

PI 

.5 


29 

P2.5/A13 

8 

P1.6/SCL 


30 

P2.6/A14 

9 

P1.7/SDA 


31 

P2,7/A15 

10 

RST 


32 

PSEN 

11 

P3.0/RXD 


33 

ALE 

12 

NC 



34 

NC 

13 

P3.1/TXD 


35 

EA 

U 

P3.2/INTU 


36 

P0.7/AD7 

15 

P3.3/TNTT 


37 

P0.6/AD6 

16 

P3.4/T0 


33 

P0.5/AD5 

17 

P3.5/T1 


39 

P0.4/AD4 

18 

P3.6/WR 


40 

P0.3/AD3 

19 

P3.7/RD 


41 

P0.2/AD2 

20 

XTAL2 


42 

P0.1/AD1 

21 

XTAL1 


43 

PO.O/ADO 

22 

Vss 


44 

vdd 


PLASTIC QUAD FLAT PACK 
PIN FUNCTIONS 


1 C=l=fO 



Pin Function 

1 P1.5 

2 P1.6^SCL 

3 P1.7/SDA 

4 RST 

5 PS.tVRxD 

® VsS4 

7 P3.1/TxD 

8 P3.2/INTD 

9 ps-aorm 

10 P3.47r0 

11 P3.5rri 

12 P3.6WR 

13 P3.7/RD 

14 XTAL2 

15 XTAL1 

16 Vssi 

17 NC 

18 P2.0I/A8 

19 P2.1/A9 

20 P2.2/A10 

21 P2.3/A11 

22 P2.4/A12 


Pin Function 

23 P2.5/A13 

24 P2.6/A14 

25 P2.7/A15 

26 PSEN 

27 ALE 

28 Vss2 

29 EA/Vpp 

30 P0.7/AD7 

31 P0.6/AD6 

32 P0.5/AD5 

33 P0.4/AD4 

34 P0,3/AD3 

35 P0.2/AD2 

36 P0.1/AD1 

37 PO.O/ADO 

38 Vqo 

^ Vss3 

40 P1.0 

41 P1.1 

42 PI. 2 

43 PI. 3 


NOTES TO QFP ONLY: 

1 . Due to EMC improvements, all Vss pins 
(6, 16, 28, 39) must be connected to Vss 
on the 80C652/83C654. 
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BLOCK DIAGRAM 


FREQUENCY 

REFERENCE 


XTAL2 XTAL1 



SHARED 

WITH 

PORT1 


EXTERNAL 

INTERRUPTS 


PARALLEL PORTS, 
ADDRESS/DATA BUS 
AND I/O PINS 


SERIAL IN SERIAL OUT 


January 7. 1993 


967 






Philips Semiconductors Microcontroller Products 


Product specification 


CMOS single-chip 8-bit microcontroller 


83C654 


PtN DESCRIPTIONS 



PIN NUMBER 



MNEMONIC 

DIP 

PLCC 

QFP 

TYPE 

NAME AND FUNCTION 

Vss 

20 

22 

6. 16. 
28,39 

1 

Ground: OV reference. With the QFP package all Vss pins (Vssi to Vss 4 ) niust be 
connected. 

Vqd 

40 

44 

38 

1 

Power Supply: This is the power supply voltage for normal, idle, and power-down operation. 

PO.0-0.7 

39-02 

43-36 

37-^0 

I/O 

Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have 1s written to them 
float and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order 
address and data bus during accesses to external program and data memory. In this 
application, it uses strong internal pull-ups when emitting Is. 

P1.0-P1.7 

1-8 

2-9 

40-44, 

1-3 

I/O 

Port 1 : Port 1 is an 8-bit bidirectional I/O port with internal pull-ups, except PI. 6 and PI. 7 
which are open drain. Port 1 pins that have Is written to them are pulled high by the internal 
pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: I|l). 
Alternate functions Include: 

P1.6 

7 

8 

2 

I/O 

SCL: I^C-bus serial port clock line. 

P1.7 

8 

9 

3 

I/O 

SDA: I^C-bus serial port data line. 

P2.0-P2.7 

21-28 

24^1 

18-25 

I/O 

Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 1 s 
written to them are pulled high by the internal pull-ups and can be used as Inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: Ijl). Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal 
pull-ups when emitting 1 s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 spedal function register. 

P3.0-P3.7 

10-17 

11. 

13-19 

5. 

7-13 

I/O 

Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1 s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are externally being pulled low will source current because of the pull-ups. 

(See DC Electrical Characteristics: liJ. Port 3 also serves the special features of the 80C51 
family, as listed below: 


10 

11 

5 

1 

RxD (P3.0): Serial input port 


11 

13 

7 

o 

TxD (P3.1): Serial output port 


12 

14 

8 

1 

INTO (P3.2): External interrupt 


13 

15 

9 

1 

INTT (P3.3): External interrupt 


14 

16 

10 

1 

TO (P3.4): Timer 0 external input 


15 

17 

11 

1 

T1 (P3.5): Timer 1 external input 


16 

18 

12 

o 

WR (P3.6): External data memory write strobe 


17 

19 

13 

o 

TO (P3.7): External data memory read strobe 

RST 

9 

10 

4 

1 

Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vdd- 

ALE 

30 

33 

27 

I/O 

Address Latch Enable: Output pulse for latching the low byte of the address during an 
access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6 the 
osdilator frequency. Note that one ALE pulse Is skipped during each access to external data 
memory. 

P5ER 

29 

32 

26 

O 

Program Store Enable: Read strobe to external program memory via Port 0 and Port 2. It is 
activated twice each machine cyde during fetches from the external program memory. When 
executing out of external program memory two activations of PSEN are skipped during each 
access to external data memory. PSEN is not activated (remains HIGH) during no fetches 
from external program memory. PSEN can sink/source 8 LSTTL Inputs and can drive CMOS 
Inputs without external pull-ups. 

EA 

31 

35 

29 

1 

External Access: If during a RESET, EA is held at TTL, level HIGH, the CPU executes out 
of the internal program memory ROM provided the Program Counter is less than 16384. If 
during a RESET, is held a TTL LOW level, the CPU executes out of external program 
memory. EA is not allowed to float. 

XTAL1 

19 

21 

15 

1 

Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 

XTAL2 

18 

20 

14 

o 

Crystal 2: Output from the inverting oscillator amplifier. 


NOTE: 


To avoid “latch-up” effect at power-on, the voltage on any pin at any time must not be higher than Vqd + 0.5V or Vss - 0.5V, respectively. 


January 7. 1 993 


968 





Philips Semiconductors Microcontroller Products 


Product specification 


CMOS single-chip 8-bit microcontroller 


83C654 


ROM CODE PROTECTION 
(83C654) 

The 83C654 has an additional security 
feature. ROM code protection may be 
selected by setting a mask-programmable 
security bit (i.e., user dependent). This 
feature may be requested during ROM code 
submission. When selected, the ROM code 
is protected and cannot be read out at any 
time by any test mode or by any instruction in 
the external program memory space. 

The Move Instructions are the only 
instructions that have access to program 
code in the Internal or external program 
memory. The EA input is latched during 
RESET and is “don’t care" after RESET 
(also if the security bit is not set). This 
implementation prevents reading internal 
program code by switching from external 
program memory to internal program memory 
during a MOVC instruction or any other 
instruction that uses immediate data. 


OSCILLATOR 

CHARACTERISTICS 

XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol, 
page 924. 

To drive the device from an external clock 
source. XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a dIvide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

Reset 

A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on Vqd and RST must 
come up at the same time for a proper 
start-up. 


Idle Mode 

In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last Instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The Idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 

Power-Down Mode 

In the power-down mode, the oscillator is 
stopped and the instruction to Invoke power- 
down Is the last instruction executed. Only 
the contents of the on-chip RAM are pre- 
sented. A hardware reset Is the only way to 
terminate the power-down mode. The control 
bits for the reduced power modes are in the 
special function register PCON. Table 1 
shows the state of the I/O ports during low 
current operating modes. 


Table 1. External Pin Status During Idle and Power-Down Mode 


MODE 

PROGRAM 

MEMORY 

ALE 

P5ER 

PORTO 

PORT1 

PORT 2 

PORT 3 

Idle 

Internal 

1 

1 

Data 

Data 

Data 

Data 

Idle 

External 

1 

1 

Float 

Data 

Address 

Data 

Power-down 

Internal 

0 

0 

Data 

Data 

Data 

Data 

Power-down 

External 

0 

0 

Float 

Data 

Data 

Data 


Serial Control Register (S1CON) - See Table 2 


CR2 

ENSI 

STA 

STO 

JL 

AA 

CRI 

CRO 


Bits CRO, CR1 and CR2 determine the serial clock frequency that is generated in the master mode of operation. 


Table 2. Serial Clock Rates 


CR2 

CRI 

CRO 

BIT FREQUENCY (kHz) AT fosc 

fosc divided by 

6MHz 

12MHz 

16MHz 

24MHz 

0 

0 

0 

23 

47 

62.5 

94 

256 

0 

0 

1 

27 

54 

71 

IO7I 

224 

0 

1 

0 

31.25 

62.5 

83.3 

125^ 

192 

0 

1 

1 

37 

75 

100 

150^ 

160 

1 

0 

0 

6.25 

12.5 

17 

25 

960 

1 

0 

1 

50 

100 

133^ 

200^ 

120 

1 

1 

0 

100 

200^ 

267^ 

400^ 

60 

1 

1 

1 

0.24 <62.5 

0.49 < 62.5 

0.65 <55.6 

0.98 < 50.0 

96 X (256 - (reload value Timer 1)) 




0 to 255 

0 to 254 

0 to 253 

0 to 251 

reload value range Timer 1 (in mode 2) 


NOTES: 


1 . These frequencies exceed the upper limit of 100kHz of the I^C-bus specification and cannot be used in an I^C-bus application. 
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ABSOLUTE MAXIMUM RATINGS^- 2. 3 


PARAMETER 

RATING 

UNIT 

Storage temperature range 

-65 to -1-150 


Voltage on any other pin to Vss 

-0.5 to + 6.5 

V 

Input, output current on any single pin 

±5 

IIBSIII 

Power dissipation (based on package heat transfer 
limitations, not device power consumption) 

1 

mn 


NOTES: 


1 . Stresses above those listed under Absolute Maximum Ratings may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at 
these or any conditions other than those described in the AC and DC Electrical 
Characteristics section of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices 
from the damaging effects of excessive static charge. Nonetheless, it is suggested that 
conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All 
voltages are with respect to Vss unless otherwise noted. 


DEVICE SPECIFICATIONS 



SUPPLY VOLTAGE 
(V) 

FREQUENCY 

(MHz) 

TEMPERATURE 

RANGE 

TYPE 

MIN. 

MAX. 

MIN. 

MAX. 

(^^C) 

P83C654FBX 

4.0 

6.0 

1.2 

16 

0 to -e70 

P83C654FFX 

4.0 

6.0 

1.2 

16 

—40 to -e85 

P83C654FHX 

4.5 

5.5 

1.2 

16 

-40 to - eI 25 

P83C654IBX 

4.5 

5.5 

1.2 

24 

0 to +70 

P83C654IFX 

4.5 

5.5 

1.2 

24 

-40 to -1-85 
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DC ELECTRICAL CHARACTERISTICS 

Vss = 0V 


V|L Input low voltage, 

except EA, P1.6/SCL, P1.7/SDA 


Input low voltage to EA 


Input low voltage to P1 .6/SCL, P1 .7/SDA® 

Input high voltage, except XTAL1, RST, 
PI. 6/SCL, P1.7/SDA 


V|Hi Input high voltage, XTAL1 , RST 


Input high voltage, P1. 6/SCL. P1.7/SDA® 

Output low voltage, ports 1,2,3, 
except PI .6/SCL. PI .7/SDA 


Output low voltage, port 0, ALE, PSEN 
Output low voltage, PI. 6/SCL, PI. 7/SDA 
Output high voltage, ports 1, 2, 3, ALE, PSEN^° 


Output high voltage; port 0 in external bus mode 


Logical 0 input current, ports 1 , 2, 3, 
except PI .6/SCL, PI .7/SDA 


Logical 1-to-O transition current, ports 1, 2, 3, 
except PI .6/SCL, PI .7/SDA 


Input leakage current, port 0, EA 

Input leakage current. PI .6/SCL, PI. 7/SDA 



-40 to +85®C 
^0to+125®C 

0to+70°C 
-40 to +85°C 
^0 to+125"‘C 


^0 to +85°C 


-40 to +85’"C 
-40 to +125°C 


-40 to +85°C 
-40 to+125®C 


0.2Vdd-0.1 

0.2VDD-0.15 

0.2Vdd-O-25 

0.2VDcr0.3 

0.2Vdd-0.35 

0.2Vdd-0.45 


0.3Vdd 









0.45V <Vi<Vdd 

OV < V, < 6.0V 
0V<Vdd<6.0V 
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DC ELECTRICAL CHARACTERISTICS (CONTINUED) 





TEST 

LIMITS 


SYMBOL 

PARAMETER 

PART TYPE 

CONDITIONS 

MIN. 

MAX. 

UNIT 

■dd 

Power supply current: 


See note 1 





Active mode @ IBMHz^* 


Vdd=6.0V 


28.0 

mA 


Active mode (g> 24MHz2' 


Vdd=5.5V 


35.0 

mA 


Idle mode <g) 16MHz^* 




6 

mA 


Idle mode <S> 24MHz3’ 




7 

mA 


Power down mode'^- ® 




50 

pA 


Power down mode^- ® 

-40to-El25®C 



100 

pA 

Rrst 

Internal reset pull-down resistor 



50 

150 

kQ 

Cio 

Pin capacitance 


Freq.=1MHz 


10 

pF 


NOTES FOR DC ELECTRICAL CHARACTERISTICS: 

1 . See Figures 9 through 1 1 for Iqd test conditions. 

2. The operating supply current is measured with all output pins disconnected; XTAL1 driven with V = tf = 5ns; 

V|L = Vss + 0.5V; V|H = Vqd -0.5V; XTAL2 not connected; EA = RST = Port 0 = PI .6 = PI .7 = Vdd- See Figure 9. 

3. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with = ^ = 5ns; V|l = Vss + 0.5V; 

V|H = Vdd - 0.5V; XTAL2 not connected; Port 0 - P1.6 = P1.7 = Vdd; ^ = RST = Vss- See Figure 10. 

4. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = PI .6 = PI .7 = Vdd: 

EA = RST = Vss- See Figure 11. 

5. 2V <VpD<VDDmax. 

6. The input threshold voltage of PI .6 and PI .7 (SI01 ) meets the I^C specification, so an input voltage below 0.3Vdd will be recognized as a 
logic 0 while an input voltage above 0.7 Vdd will be recognized as a logic 1 . 

7. Pins of ports 1 , 2, and 3 source a transition current when they are being externally driven from 1 to 0. The transition current reaches its 
maximum value when V|n is approximately 2V. 

8. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VqlS of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-O transitions during bus operations. In the 
worst cases (capacitive loading > lOOpF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 

9. Under steady state (non-transient) conditions, Iql must be externally limited as follows; Maximum Iql = 10mA per port pin; Maximum 

Iql = 26mA total for Port 0; Maximum Iql = 1 5mA total for Ports 1 , 2 , and 3; Maximum Iql = 71 mA total for all output pins. If Iql exceeds the 
test conditions, Vql may exceed the related specification. Pins are n ot guar anteed to sink current greater than the listed test conditions. 

10. Capacitive loading on ports 0 and 2 may cause the Vqh on ALE and PSEN to momentarily fall below the 0.9Vdd specification when the 
address bits are stabilizing. 

1 1 Iddmax for other frequencies can be derived from Figure 1 . where FREQ is the external oscillator frequency in MHz. Iddiuiax is given in mA. 
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(1) MAXIMUM OPERATING MODE: Vqo = VoD^ax 

(2) MAXIMUM IDLE MODE: Vdq = Voomax 

These values are valid within the specified 
frequency range. 

tXTALl (MHz) 

(1) MAXIMUM OPERATING MODE: Vqd = Vopmax 

(2) MAXIMUM IDLE MODE: Vqd = ^DDmax 

These values are valid within the specified 
frequency range. 

fXTALl (MHz) 


Figure 1. 

Iqd vs. Frequency 
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AC ELECTRICAL CHARACTERISTICS!- 2 (16 MHz type) 


PARAMETER 

Oscillator frequency 


ALE pulse width 


Address valid to ALE low 


Address hold after ALE low 
ALE low to valid Instruction in 


ALE low to PSEN low 


PSEN pulse width 


PsEN low to valid instruction in 


Input instruction hold after PSEN 


Input instruction float after PSEN 
Address to valid instruction in 


PSEN low to address float 


RD pulse width 


WR pulse width 


RD low to valid data in 


Data hold after RD 


Data float after RD 


ALE low to valid data in 
Address to valid data in 


ALE low to RD or WR low 
Address valid to WR low or PfD low 
Data valid to WR transition 


Data setup time before WR 


Data hold after WR 


RD low to address float 


RD or WR high to ALE high 


Serial port clock cycle time^ 


Output data setup to clock rising edge^ 


Output data hold after clock rising edge^ 
Input data hold after clock rising edge^ 


Clock rising edge to input data valid^ 


High time^ 





tWHLH 

Shift Register 



External Clock 


16MHz CLOCK 


NOTES: 

1 . Parameters are valid over operating te mperat ure range unless otherwise specified. 

2. Load capacitance for port 0, ALE, and PSEN = 1 0OpF, load capacitance for all other outputs = 

3. These values are characterized but not 1 00% production tested. 
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AC ELECTRICAL CHARACTERISTICS^- 2 (24 MHz type) 


SYMBOL FIGURE 


PARAMETER 

Oscillator frequency 
ALE pulse width 














tlLDV 

tAVDV 


fLLWL 

tAVWL 


tQVWX 


Jdw 

tWHQX 


tRLAZ 


twHLH I 

Shift Register 


24MHz CLOCK 
MIN I MAX 


VARIABLE CLOCK 
MIN MAX 

1.2 24 

2tcLCL-40 







tQVXH 

5 

tXHQX 

5 

tXHDX 

5 

tXHDV 

5 


External Clock 

fCHCX 


tcLCX 


tcLCH 6 Rise time^ 5 

tcHCL 6 Fall time^ ^ 

NOTES: 

1 . Parameters are valid over operating te mperat ure range unless otherwise specified. 

2. Load capacitance for port 0, ALE, and PSEN = 1 0OpR load capacitance for all other outputs = 

3. These values are characterized but not 1CX)% production tested. 


tCLCL-tCLCX 


fCLCL-tCHCX 


5 

5 
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AC ELECTRICAL CHARACTERISTICS - I^C INTERFACE 


SYMBOL 

PARAMETER 

INPUT 

OUTPUT 

SCL TIMING CHARACTERISTICS | 

IhdI sta 

START condition hold time 

^ 14 tcLCL 

> 4.0)j.s^ 

tLOW 

SCL LOW time 

^ 16tcLCL 

> 4.7ps^ 

tHIGH 

SCL HIGH time 

^ 14 tcLCL 

> 4.0)xs^ 

tRC 

SCL rise time 

J. 

VI 

_2 

tpc 

SCL fall time 

<0.3ps 

< 0.3ps3 

SDA TIMING CHARACTERISTICS | 

tsu: dati 

Data set-up time 

> 250ns 

> 20 tcLCL - tRD 

tsu; DAT2 

SDA set-up time (before rep. START cond.) 

> 250ns 

> Ips^ 


SDA set-up time (before STOP cond.) 

> 250ns 

> 8 ICLCL 


Data hold time 

> 0ns 

> 8 tcLCL - tpC 


Repeated START set-up time 

^ 14 tcLCL 

> 4.7ps^ 

fsu; STO 

STOP condition set-up time 

^ 14 tcLCL 

> 4.0)is^ 

teuF 

Bus free time 

^ 1 4 tcLCL 

> 4.7psi 

fRD 

SDA rise time 

< Ips 

_2 

tpD 

SDA fall time 

< 0.3p.s 

< 0.3p.s^ 


NOTES: 

1 . At 1 00 kbit/s. At other bit rates this value is inversely proportional to the bit-rate of 100 kbit/s. 

2. Determined by the external bus-line capacitance and the external bus-line pull-resistor, this must be < Ips. 

3. Spikes on the SDA and SCL lines with a duration of less than 3 tcLCL will be filtered out. Maximum capacitance on bus-lines SDA and 
SCL = 400pF. 

4- tcLCL = 1/fosc = one oscillator clock period at pin XTAL1 . For 63ns (42ns) < tcicL < 285ns (16MHz (24MHz) > fosc > 3.5MHz) the SI01 
interface meets the I^C-bus specification for bit-rates up to 100 kbit/s. 
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EXPLANATION OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
first character is always ‘t’ (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 

A - Address 
C - Clock 
D - Input data 
H - Logic level high 

I - Instruction (program memory contents) 
L - Logic level low, or ALE 
P - P5EN 


Q - Output data 
R - RU signal 
t - Time 
V - Valid 
W- WR signal 

X - No longer a valid logic level 
Z - Float 

Examples: tAvii = Time for address valid 
to ALE low. 

tLLPL = Time for ALE low 
to PSEN low. 
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INSTRUCTION | 0 | 1 | 2 | 3 | 4 | S | 6 | 7 | 8 | 

[<- txLXL -»| 


^ txHDV ^ I r *XHDX 


IfVAUDX XVAUDX XVAUDX XVAUOX XVAUD)^ 


Figure 5. Shift Register Mode Timing 
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tCHCL 


r 


-tCLCX-q 
tCLCL 


tcHCX-H 

“tcLCH 


Figure 6. External Clock Drive at XTAL1 





Vdu-0.5 0.2Vdd<<I» 


VloAD+OIV^^ timing — ^VOH-0.1V 

VLOAD <r ^ reference N 

v,o*,H..ivX^ ^ y^Vn,*o.,v 

NOTE: 

AC INPUTS DURING TESTING ARE DRIVEN AT Vdd-0-5 FOR A LOGIC ’V AND 

0.45V FOR A LOGIC 'O'. TIMING MEASUREMENTS ARE MADE AT V|h MIN FOR A 
LOGIC -V AND V|L MAX FOR A LOGIC 'O’. 


NOTE: 

FOR TIMING PURPOSES, A PORT IS NO LONGER FLOATING WHEN A 100MV 
CHANGE FROM LOAD VOLTAGE OCCURS, AND BEGINS TO FLOAT WHEN A 

100mV CHANGE FROM THE LOADED Vqh/Vol ’-=FVEL OCCURS. Ioh/'OL > ± 

20mA. 

Figure 7. AC Testing Input/Output 


Figure 8. Float Waveform 
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VdD 



Vdd 



Figure 9. Iqd Test Condition, Active Mode 
Aii other pins are disconnected 


Figure 10. i^p Test Condition, idie Mode 
Aii other pins are disconnected 


VpD 



Figure 11. ipp Test Condition, Power Down Mode 
Aii other pins are disconnected. Vpp = 2V to 5.5V 


NOTE: 

* Ports 1 .6 and 1.7 should be connected to Vcc through resistors of sufficiently high value such that the sink current into these pins does not 
exceed the Iqli specification. 



Purchase of Philips’ I^C components conveys a license under the 

Philips’ I^C patent to use the components in the I^C-system 

provided the system conforms to the I^C specifications defined by Philips. 
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DESCRIPTION 

The 87C654 Single-Chip 8-Bit Miaocontroller 
is manufactured in an advanced CMOS 
process and is a derivative of the 80C51 
microcontroller family. The 87C654 has the 
same instruction set as the 80C51 . Two 
versions of the derivative exist; 

83C654 — 16k bytes mask programmable 
ROM 

87C654 — EPROM version 

This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The 87C654 contains a non-volatile 
16k X 8 EPROM, a volatile 256 x 8 read/write 
data memory, four 8-bit I/O ports, two 16-bit 
timer/event counters (identical to the timers of 
the 80C51), a multi-source, two-priority-level, 
nested interrupt structure, an I^C interface, 
UART and on-chip oscillator and timing 
circuits. For systems that require extra 
capability, the 87C654 can be expanded 
using standard TTL compatible memories 
and logic. 

The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 1 00 
instructions: 49 one-byte, 45 two-byte and 17 
three-byte. With a 16MHz crystal, 58% of the 
instructions are executed in 0.75)i.s and 40% 
in 1 .5)is. Multiply and divide instructions 
require 3ps. 



FEATURES 

• 80C51 central processing unit 

• 16k X 8 EPROM expandable externally to 
64k bytes 

• 256 X 8 RAM, expandable externally to 
64k bytes 

• Two standard 16-bit timer/counters 

• Four 8-bit I/O ports 

• I^C-bus serial I/O port with byte oriented 
master and slave functions 

• Full-duplex UART facilities 

• Power control modes 

- Idle mode 

- Power-down mode 

• Five package styles 

• Extended temperature range 

• OTP package available 

• Three speed ranges 

- 16MHz 

- 20MHz 


LOGIC SYMBOL 



PIN CONFIGURATIONS 


Pi.o[T 



Pl.t [7 



P1.2[£ 



P1.3 [T 



P1.4 [7 



P1.5 [T 



sciypi.6 [7 



SDA4>1.7 [T 



RST |T 

CERAMIC 

AND 

P 

RXD/P3.0 |lO 

PLASTIC 

DUAL 

m 

TxD/P3.1 [n 

IN-UNE 

PACKAGE 

N 

nTni/P3.2 


m 

IRTT/P3.3 [13 


i 

T0/P3.4 [m 


i 

T1/P3.5 



Wn/PX6 |l6 


m 

?iiy/P3.7 [17 


N 

XTAl.2 


m 

XTAL1 



Vss ^ 


m 


Vcc 

P0.0/AD0 

P0.1/AD1 

P0.2/AD2 

P0.3/AD3 

P0.4/AD4 

P0.5/AD5 

P0.6/AD6 

P0.7/AD7 

EAATpp 

ALE/PRDG 

P5EN 

P2.7/A15 

P2.6/A14 

P2.5/A13 

P2.4/A12 

P2.3/A11 

P2.2/A10 

P2.1/A9 

P2.0/A8 


6 




t7d 


CERAMIC 

AND 

PLASTIC 

LEADED 

CHIP 

CARRIER 


XT 


□ 39 


□ 29 


44 34 
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ORDERING INFORMATION 


PHIUPS PART 

ORDER NUMBER 

PART MARKING 

PHIUPS NORTH AMERICA 
PART ORDER NUMBER 


TEMPERATURE 

RANGE ^ 

AND PACKAGE 

FREQ 

MHz 

ROMIess 

ROM 

ROMIess 

ROM 

Drawing 

Number 

P80C652FBP 

P83C654FBP/XXX 

S80C652-4N40 

S83C654-4N40 

SOT129 

0 to -r70, Plastic Dual In-line Package 

16 






0 to -f 70, Ceramic Dual In-line Package 
w/Window 

16 

P80C652FBA 

P83C654FBA/XXX 

S80C652-4A44 

S83C654-4A44 

SOT187 

0 to -1-70, Plastic Leaded Chip Carrier 

16 








P80C652FBB 

P83C654FBB/XXX 

S80C652-4B44 

S83C654-4B44 

SOT311 

0 to -f 70. Plastic Quad Flat Pack 

16 

P80C652FFP 

P83C654FFP/XXX 

S80C652-5N40 

S83C654-5N40 

SOT129 

-40 to -f 85. Plastic Dual In-line Package 

16 










S80C652-5A44 

S83C654-5A44 

SOT187 

-40 to -f 85. Plastic Leaded Chip Carrier 

16 












SOT311 

-40 to +85, Plastic Quad Flat Pack 

16 





SOT129 

-40 to +125, Plastic Dual In-line Package 

16 





SOT187 

-40 to +1 25, Plastic Leaded Chip Carrier 

16 





SOT311 

-40 to +125, Plastic Quad Flat Pack 

16 














■ 




^BHH! 

bbh 

^b^hh^ihhh^h 






























bhiib 

BBI^Hi 

BBI^I 


BBii 


[Bl 









bbhhh 

BBHHIi 

bibihi 

bbh 


bb 

P80C652IBP 

P83C654IBP/XXX 

S80C652-AN40 

S83C654-AN40 

SOT129 

0 to +70, Plastic Dual In-line Package 

24 

P80C652IBA 

P83C654IBA/XXX 

S80C652-AA44 

S83C654-AA44 

SOT187 

0 to +70, Plastic Leaded Chip Carrier 

24 

P80C652IBB 

P83C654IBB/XXX 

S80C652-AB44 

S83C654-AB44 

SOT311 

0 to +70, Plastic Quad Flat Pack 

24 

P80C652IFP 

P83C654IFP/XXX 

S80C652-BN40 

S83C654-BN40 

SOT129 

-40 to +85, Plastic Dual In-line Package 

24 

P80C652IFA 

P83C654IFA/XXX 

S80C652-BA44 

S83C654-BA44 

SOT187 

-40 to +85, Plastic Leaded Chip Carrier 

24 

P80C652IFB 

P83C654IFB/XXX 

S80C652-BB44 

S83C654-BB44 

SOT311 

-40 to +85, Plastic Quad Flat Pack 

24 


NOTES: 

1 . For full specification, see the 87C652 data sheet. 

2. 87C654 frequency range is 3.5MHz - 1 6MHz or 3.5MHz - 24MHz. 

3. XXX denotes the ROM code number. 
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EPROM 

Drawing 

Number 

TEMPERATURE 

RANGE °C 

AND PACKAGE 

FREQ 

MHz 

S87C654-4N40 

041 5C 

0 to +70, Plastic Dual In-line Package 

16 

S87C654-4F40 

0590B 

0 to +70, Ceramic Dual In-line Pad<age 
w/Window 

16 

S87C654-4A44 

0403G 

0 to +70. Plastic Leaded Chip Carrier 

16 

S87C654-4K44 

1472A 

0 to +70, Ceramic Leaded Chip Carrier 
w/Window 

16 

S87C654-4B44 

1118D 

0 to +70. Plastic Quad Flat Pack 

16 


041 5C 

-40 to +85, Plastic Dual In-line Package 

16 

S87C654-5F40 

0590 B 

-40 to +85, Ceramic Dual In-line Package 
w/Window 



0403G 

^0 to +85, Plastic Leaded Chip Carrier 

16 

S87C654-5K44 

1472A 

-40 to +85, Ceramic Leaded Chip Carrier 
w/Window 


S87C654-5B44 

1118D 

^0 to +85, Plastic Quad Flat Pack 

16 













S87C654-7N40 

041 5C 

0 to +70, Plastic Dual In-line Package 

20 

S87C654-7F40 

0590 B 

0 to +70, Ceramic Dual In-line Package 
w/Window 

20 

S87C654-7A44 

0403G 

0 to +70, Plastic Leaded Chip Carrier 

20 

S87C654-7K44 

1472A 

0 to +70, Ceramic Leaded Chip Carrier 
w/Window 

20 





S87C654-8N40 

041 5C 

-40 to +85, Plastic Dual In-line Package 

20 

S87C654-8F40 

0590 B 

-40 to +85, Ceramic Dual In-line Package 
w/Window 

20 

S87C654-8A44 

0403G 

-40 to +85, Plastic Leaded Chip Carrier 

20 
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CERAMIC AND PLASTIC LEADED 
CHIP CARRIER PIN FUNCTIONS 


6 1 40 



Pin Fiffiction Pin Funf^tion 

1 NC 23 NC 

2 P1.0 24 P2.O/A0 

3 P1.1 25 P2.1M9 

4 P1.2 26 P2.2/A10 

5 P1.3 27 P2.3/A11 

6 PI. 4 28 P2.4/A12 

7 PI. 5 29 P2.5/A13 

8 P1.6/SCL 30 P2.6/A14 

9 P1.7/SDA 31 P2.7/A15 

10 RST 32 PSEW 

11 P3.0/RxD 33 ALE/PTtDG 

12 NC 34 NC 

13 P3.1/TxD 35 ETWpp 

14 P3.2/INT0 36 P0.7/AD7 

15 P3.3/INTr 37 P0.6/AD6 

16 P3.4/T0 38 P0.5/AD5 

17 P3.57ri 39 P0.4/AD4 

18 P3.6/WR 40 P0.3/AD3 

19 P3.7/RD 41 P0.2/AD2 

20 XTAL2 42 P0.1/AD1 

21 XTAL1 43 PO.O/ADO 

22 Vss 44 Vcc 


PLASTIC QUAD FLAT PACK 
PIN FUNCTIONS 


44 34 



12 22 


Pin Fun€:tion Kn Function 

1 PI. 5 23 P2.5/A13 

2 P1.6/SCL 24 P2.6/A14 

3 P1.7/SDA 25 P2.7/A15 

4 RST 26 P5EN 

5 P3.0/RxD 27 ALEVPROG 

6 NC 28 NC 

7 P3.1/TxD 29 EA/Vpp 

8 P3.2/INTU 30 P0.7/AD7 

9 P3.3^1NTT 31 P0.6/AD6 

10 P3.47r0 32 P0.5/AD5 

11 P3.5T1 33 P0.4/AD4 

12 P3.6/WR 34 P0.3/W33 

13 P3.7RD 35 P0.2/AD2 

14 XTAL2 36 PO. 1/ADI 

15 XTAL1 37 PO.O/ADO 

16 Vss ^ Vqc 

17 NC 39 NC 

18 P2.CyA8 40 P1.0 

19 P2.1/A9 41 P1.1 

20 P2.2/A10 42 PI. 2 

21 P2.3/’A11 43 PI. 3 

22 P2.4/A12 44 PI. 4 
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FREQUENCY 

REFERENCE 


OSCILLATOR 

AND 

TIMING 


PROGRAM 

MEMORY 

(16KX8 

EPROM) 


DATA 
MEMORY 
(256 X 8 RAM) 


TWO 16-BIT 
TIMER/EVENT 
COUNTERS 



64K BYTE BUS 
EXPANSION 
CONTRTOL 


PROGRAMMABLE I/O 


PROG SERIAL PORT 
FULL DUPLEX UART 
SYNCHRONOUS SHIFT 


SHARED 


clJ 


INTO INTT 

L_ J 


EXTERNAL 

INTERRUPTS 


PARALLEL PORTS. 
ADDRESS/OATA BUS 
AND I/O PINS 


SERIAL IN SERIAL OUT 
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PIN DESCRIPTIONS 



PIN NUMBER 



MNEMONIC 

DIP 

LCC 

QFP 

TYPE 

NAME AND FUNCTION 

Vss 

20 

22 

16 

1 

Ground: OV reference. 

Vcc 

40 

44 

38 

1 

Power Supply: This is the power supply voltage for normal, idle, and power-down operation. 

PO.0-0.7 

39-32 

43-^6 

37-30 

I/O 

Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have Is written to them 
float and can be used as high-impedance inputs. Port 0 is also the multiplexed low-order 






address and data bus during accesses to external program and data memory. In this 
application, it uses strong internal pull-ups when emitting Is. Port 0 also outputs the code 
bytes during program verification in the 87C654. External pull-ups are required during 
program verification. 

P1.0-P1.7 

1-^ 

2-9 

40-44, 

I/O 

Port 1 : Port 1 is an 8-bit bidirectional I/O port with internal pull-ups, except PI. 6 and PI. 7 




1^ 


which are open drain. Port 1 pins that have Is written to them are pulled high by the internal 
pull-ups and can be used as inputs. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics; I|l). 






Port 1 also receives the low-order address byte during program memory verification. 

Alternate functions Include: 

P1.6 

7 

8 

2 

I/O 

SCL: I^C-bus serial port clock line. 

P1.7 

8 

9 

3 

I/O 

SDA: I^C-bus serial port data line. 

P2.0-P2.7 

21-28 

24-SI 

18-25 

I/O 

Port 2: Port 2 is an 8-blt bidirectional I/O port with internal pull-ups. Port 2 pins that have 1 s 
written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 2 pins that are externally being pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: Iil). Port 2 emits the high-order address byte 
during fetches from external program memory and during accesses to external data memory 
that use 16-bit addresses (MOVX @DPTR). In this application, it uses strong internal 
pull-ups when emitting 1 s. During accesses to external data memory that use 8-bit 
addresses (MOV @Ri), port 2 emits the contents of the P2 special function register. 

P3.0-P3.7 

10-17 

11. 

5, 

I/O 

Port 3: Port 3 Is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1 s 



13-19 

7-13 


written to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, 
port 3 pins that are externally being pulled low will source current because of the pull-ups. 

(See DC Electrical Characteristics: I|l). Port 3 also serves the special features of the 80C51 
family, as listed below: 


10 

11 

5 

1 

RxD (P3.0): Serial input port 


11 

13 

7 

0 

TxD (P3.1): Serial output port 


12 

14 

8 

1 

INTO (P3.2): External interrupt 


13 

15 

9 

1 

INT1 (P3.3): External interrupt 


14 

16 

10 

1 

TO (P3.4): Timer 0 external input 


15 

17 

11 

1 

T1 (P3.5): Timer 1 external input 


16 

18 

12 

o 

WFf (P3.6): External data memory write strobe 


17 

19 

13 

o 

TTD (P3.7): External data memory read strobe 

RST 

9 

10 

4 

1 

Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an external 
capacitor to Vcc- 

ALE/PRDG 

30 

33 

27 

I/O 

Address Latch Enabie/Program Pulse: Output pulse for latching the low byte of the 
address during an access to external memory. In normal operation, ALE is emitted at a 
constant rate of 1/6 the oscillator frequency, and can be used for external timing or clocking. 
Note that one ALE pulse Is skipped during each access to external data memory. This pin is 
also the program pulse input (PROG) during EPROM programming. 

PSER 

29 

32 

26 

o 

Program Store Enable: The read strobe to external^program memory. When the 87C654 is 
executing code from the external program memory, PSEN Is activated twice each machine 
cycle, except that two PSEN activations are skipped during each access to external data 
memory. PSER is not activated during fetches from Internal program memory. 

EAA/pp 

31 

35 

29 

1 

External Access Enable/Programming Supply Voltage; EA must be externally held low to 
enable the device to fetch code from external program memory locations OOOOH and 3FFFH. 

If EA is held high, the device executes from internal program memory unless the program 
counter contains an address greater than 3FFFH. This pin also receives the 1 2.75V 
programming supply voltage (Vpp) during EPROM programming. 

XTAL1 

19 

21 

15 

' 

Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator 
circuits. 

XTAL2 

18 

20 

14 

o 

Crystal 2: Output from the inverting oscillator amplifier. 


NOTE: 

To avoid “latch-up” effect at power-on, the voltage on any pin at any time must not be higher than Vcc + 0-5V or Vss - 0.5V, respectively. 
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OSCILLATOR 

CHARACTERISTICS 

XTAL1 and XTALS are the input and output, 
respectively, of an Inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol, 
page 924. 

To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the Input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

Reset 

A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 


milliseconds) plus two machine cycles. At 
power-on, the voltage on Vcc and RST must 
come up at the same time for a proper 
start-up. 

Idle Mode 

In the idle mode, the CPU puts itself to sleep 
while ail of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode Is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during tiiis mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 

Power-Down Mode 

In the power-down mode, the oscillator is 
stopped and the Instruction to invoke power- 


down is the last instruction executed. Only 
the contents of the on-chip RAM are pre- 
served. A hardware reset is the only way to 
terminate the power-down mode. The control 
bits for the reduced power modes are in the 
special function register PCON. Table 1 
shows the state of the I/O ports during low 
current operating modes. 


Table 1. External Pin Status During Idle and Power-Down Mode 


MODE 

PROGRAM 

MEMORY 

ALE 

PSENf 

PORTO 

PORT1 

PORT 2 

PORT 3 

Idle 

Internal 

1 

1 

Data 

Data 

Data 

Data 

idle 

External 

1 

1 

Float 

Data 

Address 

Data 

Power-down 

Internal 

0 

0 

Data 

Data 

Data 

Data 

Power-down 

External 

0 

0 

Float 

Data 

Data 

Data 


Serial Control Register (S1CON) - See Table 2 

SI CON (D8H) 


CR2 

ENS1 

STA 

STO 


AA 

CR1 

CRO 


Bits CRO, CR1 and CR2 determine the serial clock frequency that is generated in the master mode of operation. 


Table 2. Serial Clock Rates 


CR2 

CR1 

CRO 

BIT FREQUENCY (kHz) AT fosc 

fosc DIVIDED BY 

6MHz 

12MHz 

16MHz 

20MHz 

0 

0 

0 

23 

47 

62.5 

78 

256 

0 

0 

1 

27 

54 

71 

89^ 

224 

0 

1 

0 

31.25 

62.5 

83.3 

1041 

192 

0 

1 

1 

37 

75 

100 

125^ 

160 

1 

0 

0 

6.25 

12.5 

17 

21 

960 

1 

0 

1 

50 

100 

133^ 

166^ 

120 

1 

1 

0 

100 

200^ 

267^ 

334 I 

60 

1 

1 

1 

0.25 < 62.5 

0.5 < 62.5 

0.65 < 55.6 

0.81 < 69.4 

96 X (256 - (reload value Timer 1 )) 




0 to 255 

0 to 254 

0 to 253 

Oto 253 

(Reload value range; 0 - 254 in mode 2) 


NOTES: 


1 . These frequencies exceed the upper limit of 1 0OkHz of the I^C-bus specification and cannot be used in an I^C-bus application. 
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ABSOLUTE MAXIMUM RATINGS^- ^ ^ 


PARAMETER 

RATING 

UNIT 

Storage temperature range 

-65 to -t-150 

°C 

Voltage on EAA^pp to Vss 

— 0.5 to - 1 - 1 3 

V 

Voltage on any other pin to Vss 

-0.5 to 6.5 

V 

Input, output current on any single pin 

±5 

mA 

Power dissipation (based on package heat transfer 
limitations, not device power consumption) 

1 

W 


NOTES: 


1 . Stresses above those listed under Absolute Maximum Ratings may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at 
these or any conditions other than those described in the AC and DC Electric:al 
Characteristics section of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its Internal devices 
from the damaging effects of excessive static charge. Nonetheless, it is suggested that 
conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All 
voltages are with respect to Vss unless otherwise noted. 


DEVICE SPECIFICATIONS 



SUPPLY VOLTAGE 
(V) 

FREQUENCY 

(MHz) 

TEMPERATURE 

RANGE 

TYPE 

MIN. 

MAX. 

MIN. 

MAX. 

(°C) 

S87C654-4 

4.5 

5.5 

3.5 

16 

0 to -^70 

S87C654-5 

4.5 

5.5 

3.5 

16 

-40 to +85 

S87C654-7 

4.5 

5.5 

3.5 

20 

0 to +70 

S87C654-8 

4.5 

5.5 

3.5 

20 

^0 to +85 
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DC ELECTRICAL CHARACTERISTICS 

Vss = ov 





TEST 

LIMITS 


SYMBOL 

PARAMETER 

PART TYPE 

CONDITIONS 

MIN. 

MAX. 

UNIT 

V,L 

Input low voltage, 

0 to +70°C 


-0.5 

0.2Vcc-0.1 

V 


except EA. PI .6/SCL, PI .7/SDA 

-40 to +85°C 


-0.5 

0.2Vccr-0.15 

V 

V,L1 

Input low voltage to EA 

0 to +70°C 


-0.5 

0.2Vc(r0.3 

V 



— 40 to +85°C 


-0.5 

0.2Vc(r-0.35 

V 

V,L2 

Input low voltage to PI .6/SCL, PI .7/SDA® 



-0.5 

0.3Vcc 

V 

V,H 

Input high voltage, except XTAL1 , RST, 

0 to +70°C 


0.2Vcc+0.9 

Vcc+0.5 

V 


PI. 6/SCL. PI. 7/SDA 

-40 to +85°C 


0.2VCC+1.0 

Vcc+0.5 

V 

VlHl 

Input high voltage, XTAL1 , RST 

0 to +70°C 


0.7Vcc 

Vcc+0.5 

■■ 



-40 to +85°C 


O.TVqc+O. 1 

Vcc+0.5 

■■ 

VlH2 

Input high voltage, PI. 6/SCL, PI. 7/SDA® 




6.0 


VoL 

Output low voltage, ports 1, 2, 3, 
except PI .6/SCL, PI .7/SDA 




0.45 


V0L1 

Output low voltage, port 0, ALE, PSEN 




0.45 

V 

VoL2 

Output low voltage, PI. 6/SCL, PI. 7/SDA 


Iql = 3.0mA 


0.4 

V 

VoH 

Output high voltage, ports 1 , 2, 3 

0 to +70°C 

Iqh = -€0pA 



V 



-40 to +85°C 

loH = -25}iA 



V 

Vqhi 

Output high voltage; port 0 in external bus mode. 

0 to +70°C 




V 


ALE, PSER, RSr® 

— 40 to +85°C 




V 

IlL 

Logical 0 input current, ports 1 , 2, 3, 4, 

0 to +70°C 

V,N = 0.45V 



pA 


except PI. 6/SCL, PI .7/SDA 

^0 to +85°C 




pA 

Itl 

Logical 1-to-O transition current, ports 1, 2, 3, 

0 to +70°C 




pA 


except PI .6/SCL, PI .7/SDA 

^0 to +85°C 




pA 

'li 

Input leakage current, port 0 


0.45V < V| < Vcc 


±10 

pA 

Il2 

Input leakage current. Pi. 6/SCL, PI. 7/SDA 




±10 

pA 







pA 

•cc 

Power supply current: 


See note 1 







Vcc=6.0V 





Active mode @ 16MHz^ 




25 

mA 


Idle mode@ 16MHz3 




6 

mA 


Power down mode"^- ® 

0 to +70°C 



50 

pA 


Power down mode^- ® 

-40 to +85“C 



135 

pA 

Rrst 

Internal reset pull-down resistor 



50 

150 

kn 

C|0 

Pin capacitance 


Freq.=1MHz 


10 

PF 


NOTES: See Next Page. 
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NOTES FOR DC ELECTRICAL CHARACTERISTICS: 

1 . See Figures 9 through 1 1 for Ice test conditions. 

2. The operating supply current is measured with all output pins disconnected; XTAL1 driven with tr = tf = 10ns; 

V|L = Vss + 0.5V: V|H = Vcc-0.5V; XTAL2 not connected; EA = RST = Port 0 = P1.6 = PI .7 = Veci fcLK = 16MHz. See Figure 9. 

3. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with L = ^ = 10ns; V|l = Vss + 0-5V; 

ViH = Vcc-0.5V: XTAL2 not connected; Port 0 = PI .6 = PI .7 = Vec; HA = RST = Vss; ^clk = 16MHz. See Figure 10. 

4. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = PI .6 = PI .7 = Veci 
EA = RST = Vss- See Figure 11. 

5. 2V 5 VpD 5 Veemax. 

6. The input threshold voltage of PI .6 and PI .7 (SI01 ) meets the I^C specification, so an input voltage below 0.3Vcc will be recognized as a 
logic 0 while an input voltage above 0.7Vcc will be recognized as a logic 1. 

7. Pins of ports 1 , 2, and 3 source a transition current when they are being externally driven from 1 to 0. The transition current reaches its 
maximum value when Vim is approximately 2V. 

8. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the VqlS of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-O transitions during bus operations, in the 
worst cases (capacitive loading > lOOpF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. Iql can exceed these conditions provided that no 
single output sinks more than 5mA and no more than two outputs exceed the test conditions. 

9. Under steady state (non-transient) conditions, Iql must be externally limited as follows: Maximum Iql = 10mA per port pin; Maximum 

Iql = 26mA total for Port 0; Maximum Iql = 15mA total for Ports 1. 2, and 3; Maximum Iql = 71mA total for all output pins. If Iql exceeds the 
test conditions, Vql may exceed the related specification. Pins are n ot guar anteed to sink current greater than the listed test conditions. 

10. Capacitive loading on ports 0 and 2 may cause the Vqh on ALE and PSEN to momentarily fall below the 0.9Vcc specification when the 
address bits are stabilizing. 
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AC ELECTRICAL CHARACTERISTICS^- 2 


SYMBOL 


l^tcLCL 


tLHLL 


Wll 



tpLAZ I 

Data Memory 

UVLL 1 



tRLAZ 

^WHLH I 

Shift Register 

fXLXL 1 


PARAMETER 

Oscillator frequency 
ALE pulse width 


Address valid to ALE low 


Address hold after ALE low 
ALE low to valid instruction in 


ALE low to PSEN low 


PSEN pulse width 


PSEN low to valid instruction in 


Input Instruction hold after PSEN 


Input instruction float after PSEN 
Address to valid instruction in 


PSEN low to address float 

Address valid to ALE low 


PD pulse width 


WR pulse width 
PD low to valid data in 


Data hold after PD 


Data float after PD 


ALE low to valid data in 


Address to valid data In 
ALE low to PD or WR low 
Address valid to WR low or RD low 


Data valid to WR transition 


Data setup time before WR 


Data hold after WR 


RD or WR high to ALE high 
Serial port clock cycle time^ 



16 MHz CLOCK 


VARIABLE CLOCK 



fCLCL-25 


5tcLCL-105 


10 



0 


tCLCL+40 


tQVXH 

5 

Output data setup to clock rising edge^ 

tXHQX 

5 

Output data hold after clock rising edge^ 

tXHDX 

5 

Input data hold after clock rising edge^ 


12tcLCL 







txHDv I 5 I Clock rising edge to input data valid^ | [ 492 

External Clock 


fCHCX 


fcLCX 


tCLCH 


|tcHCL I 6 I Falltime^ | | 20 

NOTES: 

1 . Parameters are valid over operating te mperat ure range unless otherwise specified. 

2. Load capacitance for port 0, ALE, and PSEN = 1 0OpF, load capacitance for all other outputs = 

3. These values are characterized but not 100% production tested. 


10tcLCL”133 


High time^ 

20 

Low time^ 

20 

Rise time^ 




Iclcl-Ihigh 

20 


20 
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AC ELECTRICAL CHARACTERISTICS^' 2 


SYMBOL 

FIGURE 

PARAMETER 

20MHz CLOCK 

VARIABLE CLOCK 

UNIT 

MIN 

MAX 

MIN 

MAX 

1/tcLCL 

2 

Oscillator frequency 



3.5 

20 

MHz 


2 

ALE pulse width 

60 




ns 


2 

Address valid to ALE low 

25 


tCLCL-25 


ns 

tlLAX 

2 

Address hold after ALE low 

25 


tcLCL-25 


ns 

tLLIV 

2 

ALE low to valid instruction in 




4tcLCL-05 

ns 

fLLPL 

2 

ALE low to PSEN low 

25 


tcLCL-25 


ns 

tpLPH 

2 

PSEn pulse width 

105 


3fcLCL-45 


ns 

tpLIV 

2 

PSEN low to valid instruction in 


90 


3tcLCL-^ 

ns 

tpxix 

2 

Input instruction hold after PSEN 

0 


0 


ns 

tpxiz 

2 

Input instruction float after PSEN 


25 


1clcl-25 

ns 

tAVIV 

2 

Address to valid instruction in 


170 


5tcLCL-30 

ns 

tpLAZ 

2 

PSEN low to address float 


10 


10 

ns 

1 Data Memory | 

Wll 

3,4 

Address valid to ALE low 

25 


tcLCL-25 


ns 

tpLRH 

3,4 

RD pulse width 

200 




ns 

^WLWH 

3,4 

WR pulse width 

200 


0fcLCL“l 00 


ns 

tRLDV 

3,4 

RD low to valid data in 


160 


5tcLCL-90 

ns 

tRHDX 

3,4 

Data hold after RD 

0 


0 


ns 

tRHDZ 

3.4 

Data float after TTD 


72 


2tcLCL-28 

ns 

tLLDV 

3,4 

ALE low to valid data in 


250 


StcLCL-ISO 

ns 

UVDV 

3,4 

Address to valid data in 


285 


9tCLCL“105 

ns 

tLLWL 

3,4 

ALE low to RD or WR low 

100 

200 

3tcLCL-50 

3tcLCL+50 

ns 

UVWL 

3.4 

Address valid to WR low or RTJ low 

125 


4tcLCL-75 


ns 

tQVWX 

3.4 

Data valid to WR transition 

20 


tCLCL^O 


ns 

bw 

3,4 

Data setup time before WR 

220 


7tcLCL-130 


ns 


3,4 

Data hold after WR 

25 


tcLCL-25 


ns 

tRLAZ 

3,4 

RD low to address float 


0 


0 

ns 


3.4 

RD or WR high to ALE high 

25 

75 

tcLCL-25 

bLCL+25 

ns 

1 Shift Register | 

^XLXL 

5 

Serial port clock cycle time^ 

0.6 


12tcLCL 


ps 

bvxH 

5 

Output data setup to clock rising edge^ 

367 


10tQLCL“133 


ns 

tXHQX 

5 

Output data hold after clock rising edge^ 

40 


2tcLCL-60 


ns 

tXHDX 

5 

Input data hold after clock rising edge^ 

0 


0 


ns 

tXHDV 

5 

Clock rising edge to input data valid^ 


367 


10tcLCL~133 

ns 

External Clock | 

bhcx 

6 

High time^ 

17 


17 

fCLCL-boW 

ns 

bicx 

6 

Low time^ 

17 


17 

fCLCL-lHIGH 

ns 

tcLCH 

6 

Rise time^ 


20 


20 

ns 

tCHCL 

6 

Fall time^ 


20 


20 

ns 


NOTES: 

1 . Parameters are valid over operating te mperat ure range unless otherwise specified. 

2. Load capacitance for port 0, ALE, and PSEN = 100pF, load capacitance for all otiier outputs = 80pF. 

3. These values are characterized but not 1 00% production tested. 
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AC ELECTRICAL CHARACTERISTICS - I^C INTERFACE 


SYMBOL 

PARAMETER 

INPUT 

OUTPUT 

SCL TIMING CHARACTERISTICS | 

tHo: STA 

START condition hold time 

> 14tcLCL 

> 4.0)j.s'' 

k-OW 

SCL LOW time 

^ IStcLCL 

> 4.7psi 

VlIGH 

SCL HIGH time 

^ 14tcLCL 

> 4.0}i.s'' 

tRC 

SCL rise time 

S 1|iS 

-2 

tpc 

SCL fall time 

<0.3ns 

< 0.3fis^ 

1 SDA TIMING CHARACTERISTICS | 

tsu: dati 

Data set-up time 

> 250ns 

> 20 tcLCL - tRD 

tsu: DAT2 

SDA set-up time (before rep. START cond.) 

> 250ns 

> Ips^ 

tsu; DATS 

SDA set-up time (before STOP cond.) 

> 250ns 

> 8 tcLCL 

tno; DAT 

Data hold time 

>0ns 

> 8 tcLCL - tpc 

tsu; STA 

Repeated START set-up time 

^14 tcLCL 

> 4.7ps‘' 

tsu; STO 

STOP condition set-up time 

^ '•4tcLCL 

> 4.0|xs'’ 

tsuF 

Bus free time 

^ 14 tcLCL 

> 4.7|j.s'' 

tRD 

SDA rise time 

< Ips 

_2 

tpD 

SDA fall time 

<0.3|xs 

< 0.3|xs^ 


NOTES: 

1 . At 1 00 kbit/s. At other bit rates this value is inversely proportional to the bit-rate of 100 kbit/s. 

2. Determined by the external bus-line capacitance and ttie external bus-line pull-resistor, this must be < 1p.s. 

3. Spikes on the SDA and SCL lines with a duration of less than 3 tcLCL will be filtered out. Maximum capacitance on bus-lines SDA and 
SCL = 400pF. 

4- tcLCL = 1/^osc = one oscillator clock period at pin XTAL1 . For 62ns < tcLCL < 285ns (I6MH2) > fosc > 3.5MHz) the SI01 interface meets the 
I^C-bus specification for bit-rates up to 100 kbit/s. 


TIMING SI01 (|2C) INTERFACE 
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EXPLANATION OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
first character is always 'f (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are; 

A - Address 
C - Clock 
D - Input data 
H - Logic level high 

I - Instruction (program memory contents) 
L - Logic level low, or ALE 
P - PSEN 


Q - Output data 
R - RU signal 
t - Time 
V - Valid 
W- WR signal 

X - No longer a valid logic level 
Z - Float 

Examples: tAVLL = ^‘ftie for address valid 
to ALE low. 

ttLPL = "Hme for ALE low 
to PSEn low. 
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Figure 3. External Data Memory Write Cycle 


INSTRUCTION |o|l|2|3|4|5|6|7|8| 

«XLXL 




INPUT DATA 

' ^ 
CLEAR Rl 


JXHDV J ”*"1 r“ 'X”DX 


KVAUDX XvAUDX XvaudX XvaudX Xvaud)^ 


(VALIDX XVAUD> 


Figure 4. Shift Register Mode Timing 
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Vcc-0.5 

0.4SV 



Figure 5. External Clock Drive 


Vcc-O-5 

0.45V 


X 0.2VCC+O-9 

0.2VCC-0.1 



Vload+0- 


vload” 


VlOAD-0- 


1.1V 

^v\j 


TIMING 

REFERENCE 

POINTS 




>: 


VOH-0.1V 

V0L+O.IV 


NOTE: 

AC INPUTS DURING TESTING ARE DRIVEN AT Vcc-0.5 FOR A LOGIC '1 ' AND 
0.45V FOR A LOGIC 'O'- TIMING MEASUREMENTS ARE MADE AT V|h MIN FOR A 
LOGIC ’1 ' AND V|L MAX FOR A LOGIC ’O’. 

Figure 6. AC Testing input/Output 


NOTE: 

FOR TIMING PURPOSES. A PORT IS NO LONGER FLOATING WHEN A 100MV 
CHANGE FROM LOAD VOLTAGE OCCURS, AND BEGINS TO FLOAT WHEN A 
lOOmV CHANGE FROM THE LOADED Vqh/Vol LEVEL OCCURS. IqH/Iol > ± 
20mA. 

Figure 7. Float Waveform 
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(MC)- 
CLOCK SIGNAL- 


PO 

87C654 El 
P1.6 
Pi. 7 


Figure 8. Ice Test Condition, Active Mode 
All other pins are disconnected 


(NC)- 
CLOCK SIGNAL- 



vec 

RST 


EK 

PO 


87C654 

XTAL2 

PI .6 


PI .7 

XTAL1 


vss 



Figure 9. Ice Test Condition, Idle Mode 
All other pins are disconnected 


VC(H).5 - 
0.45V - 



Figure 10. Clock Signal Waveform for Ice Tests in Active and Idle Modes 
tcLCH = tcHCL = 10ns 


RST 

Vec 

ES 

PO 


87C654 

XTAL2 

P1.6 

XTAL1 

P1.7 

Vss 



Figure 11. Ice Test Condition, Power Down Mode 
All other pins are disconnected. Vec = 2V to 5.5V 


DTE: 

Ports 1.6 and 1.7 should be connected to Vec through resistors of sufficiently high value such that the sink current into these pins does not 
exceed the Iqli specification. 
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EPROM CHARACTERISTICS 

The 87C654 is programmed by using a 
modified Quick-Pulse Programming™ 
algorithm. It differs from older methods in the 
value used for Vpp (programming supply 
voltage) and in the width and number of the 
ALE/PROG pulses. 

The 87C654 contains two signature bytes 
that can be read and used by an EPROM 
programming system to identify the device. 
The signature bytes identify the device as an 
87C654 manufactured by Philips 
Components. 

Table 3 shows the logic levels for reading the 
signature byte, and for programming the 
program memory, the encryption table, and 
the lock bits. The circuit configuration and 
waveforms for quick-pulse programming are 
shown in Figures 12 and 13. Figure 14 shows 
the circuit configuration for normal program 
memory verification. 

Quick-Pulse Programming 

The setup for microcontroller quick-pulse 
programming is shown in Figure 1 2. Note that 
the 87C654 is running with a 4 to 6MHz 
oscillator. The reason the oscillator needs to 
be running is that the device Is executing 
internal address and program data transfers. 

The address of the EPROM location to be 
programmed is applied to ports 1 and 2, as 
shown In Figure 12. The code byte to be 
programmed into that location Is applied to 
port 0. RST, PSEN and pins of ports 2 and 3 
specified in Table 3 are held at the 'Program 
Code Data' levels indicated in Table 3. The 
ALE/PROG is pulsed low 25 times as shown 
in Figure 13. 


To program the encryption table, repeat the 
25 pulse programming sequence for 
addresses 0 through IFH, using the ‘Pgm 
Encryption Table’ levels. Do not forget that 
after the encryption table is programmed, 
verification cycles will produce only encrypted 
data. 

To program the lock bits, repeat the 25 pulse 
programming sequence using the 'Pgm Lock 
Bit' levels. After one lock bit is programmed, 
further programming of the code memory and 
encryption table is disabled. However, the 
other lock bit can still be programmed. 

Note that the EAA/pp pin must not be allowed 
to go above the maximum specified Vpp level 
for any amount of time. Even a narrow glitch 
above that voltage can cause permanent 
damage to the device. The Vpp source 
should be well regulated and free of glitches 
and overshoot. 

Program Verification 
if lock bit 2 has not been programmed, the 
on-chip program memory can be read out for 
program verification. The address of the 
program memory locations to be read is 
applied to ports 1 and 2 as shown in 
Figure 1 4. The other pins are held at tiie 
‘Verify Code Data’ levels indicated in Table 3. 
The contents of the address location will be 
emitted on port 0. External pull-ups are 
required on port 0 for this operation. 

if the encryption table has been programmed, 
the data presented at port 0 will be the 
exclusive NOR of the program byte with one 
of the encryption bytes. The user will have to 
know the encryption table contents In order to 
correctly decode the verification data. The 
encryption table itself cannot be read out. 


Reading the Signature Bytes 

The signature bytes are read by the same 
procedure as a normal verification of 
locations 030H and 031 H, except that P3.6 
and P3.7 need to be pulled to a logic low. The 
values are: 

(030H) = 1 5H indicates manufactured by 
Philips 

(031 H) = 99H indicates 87C654 

Program/Verify Algorithms 

Any algorithm In agreement with the 
conditions listed in Table 3. and which 
satisfies the timing specifications, is suitable. 

Erasure Characteristics 

Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, it 
is recommended that an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Fluorglas 
part number 2345-5, or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-sec/cm2. Exposing the EPROM to an 
ultraviolet lamp of 12,0CX)uW/cm2 rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. Erasure leaves the 
array in an all 1 s state. 


Table 3. EPROM Programming Modes 


MODE 

RST 

raER 

ale/prog 

EAA^PP 

P2.7 

P2.6 

P3.7 

P3.6 

Read signature 

1 

0 

1 

1 

0 

0 

0 

0 

Program code data 

1 

0 

0* 

vpp 

1 

0 

1 

1 

Verify code data 

1 

0 

1 

1 

0 

0 

1 

1 

Pgm encryption table 

1 

0 

0* 

Vpp 

1 

0 

1 

0 

Pgm lock bit 1 

1 

0 

0* 

Vpp 

1 

1 

1 

1 

Pgm lock bit 2 

1 

0 

0* 

Vpp 

1 

1 

0 

0 


NOTES: 

1 . ‘O' = Valid low for that pin, ‘T = valid high for that pin. 

2. Vpp = 1 2.75V ±0.25V. 

3. Vcc = 5V±1 0% during programming and verification. 

* ALE/PROG receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse Is low for lOOps (±10ps) and high for a 
minimum of lOps. 


^Trademark phrase of Intel Corporation. 
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Vcc 

PI 

PO 

nsT 

EK/Vpp 

P3.6 

ALE/PROG 

P3.7 

87C654 P5EH 

XTAL2 

P2.7 


P2.6 

XTAL1 

P2.0-P2.5 

Vss 



+12.75V 

25 100{is PULSES TO GROUND 
0 


Figure 1 2. Programming Configuration 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 

Tamb = to -I-27°C. Vcc = 5V±10%. Vss = OV (See Figure 1 5) 

I SYMBOL I PARAMETER I Ml 


Programming supply voltage 

















FOR PROGRAMMING VERIFICATION SEE FIGURE 12. 
FOR VERIFICATION CONDITIONS SEE FIGURE 14. 


Figure 15. EPROM Programming and Verification 



Purchase of Philips’ I^C components conveys a license under the 

Philips’ |2C patent to use the components in the I^C-system 

provided the system conforms to the I^C specifications defined by Philips. 
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DESCRIPTION 

The 83CE654 Single-Chip 8-Bit 
MicrcKiontroller is manufactured in an 
advanced CMOS process and is a derivative 
of the 80C51 microcontroller family. The 
83CE654 has the same instruction set as the 
80C51 . Two versions of the derivative exist: 

83CE654 — 16k bytes mask programmable 
ROM. 256 bytes RAM 

80CE654 — ROMIess version of the 
83CE654 

This device provides architectural 
enhancements that make it applicable in a 
variety of applications for general control 
systems. The 8XCE654 contains a 
non-volatile 16k X 8 read-only program 
memory (83CE654), a volatile 256 x 8 
read/write data memory, four 8-bit I/O ports, 
two 16-bit timer/event counters (identical to 
the timers of the 80C51 ), a multi-source, 
two-priority-level, nested interrupt structure, 
an I^C interface, UART and on-chip oscillator 
and timing circuits. For systems that require 
extra capability, the 8XCE654 can be 
expanded using standard TTL compatible 
memories and logic. 

The device also functions as an arithmetic 
processor having facilities for both binary and 
BCD arithmetic plus bit-handling capabilities. 
The instruction set consists of over 100 
instructions: 49 one-byte, 45 two-byte and 17 
three-byte. With a 16MHz crystal, 58% of the 
instructions are executed in 0.75|j.s and 40% 
in 1.5ps. Multiply and divide instructions 
require 3p,s. 



FEATURES 

• 80C51 central processing unit 

• 1 6k X 8 ROM expandable externally to 
64k bytes 

• 256 X 8 RAM, expandable externally to 
64k bytes 

• Two standard 16-bit timer/counters 

• Four 8-bit I/O ports 

• I^C-bus serial I/O port with byte oriented 
master and slave functions 

• Full-duplex UART facilities 

• ROM code protection 

• XTAL frequencey range: 1.2MHz to 16MHz 

• Software enable/disable of ALE output 
pulse 

• Electromagnetic compatibility (EMC) 
improvements 

• Operating ambient temperature range; 

- P83CE654 FBB Tamb 0°C to +70®C 

- P83CE654 FFB Tant> ^0°C to +85°C 


PIN CONFIGURATION 



Pin 

Function 

Pin 

Function 

1 

P1.5 

23 

P2.5/A13 

2 

P1.6/SCL 

24 

P2.6/A14 

3 

P1.7/SDA 

25 

P2.7/A15 

4 

RST 

26 

P50J 

5 

P3.0/RxD 

27 

ALE 

6 

VSS4 

28 

VSS2 

7 

PS.in'xD 

29 

EA 

8 

P3.2/11TRJ 

30 

P0.7/AD7 

9 

P3.3/INTT 

31 

P0.6/AD6 

10 

P3.4/T0 

32 

P0.5/AD5 

11 

P3.5/T1 

33 

P0.4/AD4 

12 

P3.6/WR 

34 

P0.3AD3 

13 

P3.7RD 

35 

P0.2/AD2 

14 

XTAL2 

36 

P0.1/AD1 

15 

XTALI 

37 

PO.tVADO 

16 

^SSI 

38 

VdD2 

17 

Vddi 

39 

VSS3 

18 

P2.0/A8 

40 

P1.0 

19 

P2.1/A9 

41 

P1.1 

20 

P2.2/A10 

42 

Pi. 2 

21 

P2.3/A11 

43 

PI. 3 

22 

P2.4/A12 

44 

PI. 4 


LOGIC SYMBOL 
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ORDERING INFORMATION 


TEMPERATURE RANGE °C 
AND PACKAGE 


FREQUENCY 

MHz 


DRAWING NUMBER 


P80CE654FBB P83CE654FBB 


P80CE654FFB P83CE654FFB 


0 to +70, Plastic Quad Flat Pack 


-40 to +85, Plastic Quad Flat Pack 


ELECTROMAGNETIC 
COMPATIBILITY (EMC) 
IMPROVEMENTS 

Primary attention is paid on the reduction of 
electromagnetic emission of the 
microcontroller P83CE654. 

The following features effect in reducing the 
electromagnetic emission and additionally 
improve the electromagnetic susceptibility: 

• Two supply voltage pins (Vddi. Vdd2) and 
four ground pins (Vssi to Vss 4 ) 

• Separate Vqd pins for the internal logic and 
the port buffers 


► Internal decoupling capacitance improves 
the EMC radiation behavior and the EMC 
immunity 

^ External capacitors are to be located as 
close as possible between pins Vdd 2 and 
Vss 3 as well as Vddi and Vss 2 ; ceramic 
chip capacitors are recommended (lOOnF). 

► The ALE output signal (pulses at a 
frequency of fosc/6) can be disabled under 
software control (bit 5 in the SFR PCON: 
“RFI”); if disabled, no ALE pulse will occur. 


ALE pin will be pulled down internally, 
switching an external address latch to a 
quiet state. The MQVX instruction will still 
toggle ALE as a normal MOVX. ALE will 
retain its normal high value during Idle 
mode and a low value during Power-down 
mode while in the “RFI" reduction mode. 
Additionally during internal access (EA = 1 ) 
ALE will toggle normally when the address 
exceeds the internal program memory size. 
During external access (EA = 0) ALE will 
always toggle normally, whether the flag 
“RFI” is set or not. 


BLOCK DIAGRAM 


COUNTER INPUTS SHARED WITH PORT 3 


OSCILUTOR 

AND 

TIMING 





CPU 


PROGRAM 

MEMORY 

(16KX8ROM) 


DATA 
MEMORY 
(256 X 8 RAM) 


TWO 16-BIT 
TIMER/EVENT 
COUNTERS 


INTERNAL 

INTERRUPTS 


64K BYTE BUS 
EXPANSION 
CONTRTOL 


PROGRAMMABLE I/O 


PROG SERIAL PORT 
FULL DUPLEX UART 
SYNCHRONOUS SHIFT 


SHARED 


.sclJ 


EXTERNAL INTERRUPTS 
SHARED WITH PORT 3 


PARALLEL PORTS, 
ADDRESS/DATA BUS 
AND I/O PINS 


SERIAL IN SERIAL OUT 
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PIN DESCRIPTIONS 


MNEMONIC 

PIN 

NUMBER 

TYPE 

NAME AND FUNCTION 

Vssi. Vss 2 . 
VsS3. VsS4 

16, 28. 
39,6 

1 

Ground: OV reference. All pins must be connected. 

VdDI. VdD2 

17,38 

1 

Power Supply: This is the power supply voltage for normal, Idle, and power-down operation. Both pins 
must be connected. 

PO.0-0.7 

37-30 

I/O 

Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have Is written to them float and 
can be used as high-impedance inputs. Port 0 Is also the multiplexed low-order address and data bus 
during accesses to external program and data memory. In this application, it uses strong internal pull-ups 
when emitting Is. Port 0 can sink/source 8 LSTTL inputs. 

PI. 0-PI. 7 

40-^4, 

1-3 

I/O 

Port 1 : Port 1 is an 8-bit bidirectional I/O port with internal pull-ups, except PI .6 and PI .7 which are open 
drain. Port 1 pins that have Is written to them are pulled high by the internal pull-ups and can be used as 
inputs. As inputs, port 1 pins that are externally pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: I|l). Port 1 also receives the low-order address byte during 
program memory verification. Alternate functions include; 

P1.6 

2 

I/O 

SCL: I^C-bus serial port clock line. 

P1.7 

3 

I/O 

SDA: I^C-bus serial port data line. 

P2.a-P2.7 

18-25 

I/O 

Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have Is written to 
them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 2 pins that are 
externally being pulled low will source current because of the internal pull-ups. (See DC Electrical 
Characteristics: Iil). Port 2 emits the high-order address byte during fetches from external program 
memory and during accesses to external data memory that use 16-bit addresses (MOVX @DPTR). In this 
application, it uses strong internal pull-ups when emitting Is. During accesses to external data memory 
that use 8-bit addresses (MOV (S>Ri), port 2 emits the contents of the P2 special function register. 

P3.0-P3.7 

5, 

7-13 

I/O 

Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 1 s written to 
them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins that are 
externally being pulled low will source current because of the pull-ups. (See DC Electrical Characteristics; 
Iil). Port 3 also serves the special features of the 80C51 family, as listed below; 


5 

1 

RxD (P3.0): Serial input port 


7 

o 

TxD (P3.1): Serial output port 


8 

1 

INTO (P3.2): External interrupt 0 or gate control input for timer/event counter 0 


9 

1 

INTi (P3.3): External interrupt 1 or gate control input for timer/event counter 1 


10 

1 

TO (P3.4): Timer 0 external input 


11 

1 

T1 {P3.5): Timer 1 external input 


12 

o 

WFT (P3.6): External data memory write strobe 


13 

o 

TTD (P3.7): External data memory read strobe 

RST 

4 

1 

Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. An 
internal pull-down resistor to Vss permits a power-on reset using only an external capacitor to Vqd. 

ALE 

27 

I/O 

Address Latch Enable: Output pulse for latching the low byte of the address during an access to 
external memory. In normal operation, ALE is emitted at a constant rate of 1/6 the oscillator frequency, 
and can be used for external timing or clocking. Note that one ALE pulse is skipped during each access to 
external data memory. ALE can sink/sourse 8 LSTTL inputs. It can drive CMOS inputs without an external 
pull-up. To prohibit the toggling of ALE pin (RFI noise reduction) the bit RFI in the PCON Register 
(PCON.5) must be set by software. This bit is cleared on RESET and can be cleared by software. When 
set, ALE pin will be pulled down internally, switching an external address latch to a quiet state. The MOVX 
instruction will still toggle ALE as a normal MOVX. ALE will retain its normal high value during Idle mode 
and a low value during Power-down mode while in the “RFI" mode. Additionally during internal access 
(EA = 1) ALE will toggle normally when the address exceeds the internal program memory size. During 
external access (EA = 0) ALE will always toggle normally, whether the flag “RFI” is set or not. 

PSER 

26 

o 

Program Store Enable: The read strobe to external program memory. When the 8XCE654 is executing 
code from the external program memory, PEER is activated twice each machine cycle, except that two 
PEER activations are skipped during each access to external data memory. PEER is not activated during 
fetches from internal program memoiy. PEER can sink/source 8 LSTTL inputs. 

EA 

29 

1 

External Access Enable: when, during RESET, EA is held at a TTL HIGH level the CPU executes out of 
the internal program ROM, provided the program counter is less than 16384. When EA is held at a TTL 
LOW level during RESET, the CPU executes out of external program memory via Port 0 and Port 2. EA is 
not allowed to float. 

XTAL1 

15 

1 

Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 

XTAL2 

14 

o 

Crystal 2: Output from the inverting oscillator amplifier. 


NOTE; 

To avoid “latch-up” effect at power-on, the voltage on any pin at any time must not be higher or lower than Vqd + 0-5V or Vss - 0.5V, 
respectively. 
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ROM CODE PROTECTION 
(83CE654) 

The 83CE654 has an additional security 
feature. ROM code protection may be 
selected by setting a mask-programmable 
security bit (i.e., user dependent). This 
feature may be requested during ROM code 
submission. When selected, the ROM code 
Is protected and cannot be read out at any 
time by any test mode or by any instruction in 
the external program memory space. 

The Move instructions are the only 
instructions that have access to program 
code in the internal or external program 
memory. The EA input is latched during 
RESET and is “don’t care” after RESET (also 
if the security bit is not set). This 
implementation prevents reading internal 
program code by switching from external 
program memory to internal program memory 
during a MOVC instruction or any other 
instruction that uses immediate data. 

Table 1 lists the access to the internal and 
external program memory by the MOVC 
instructions when the security bit has been 
set to a logical “1"; 


OSCILLATOR 

CHARACTERISTICS 

XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the Logic Symbol, 
page 1001. 

To drive the device from an external clock 
source. XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
clock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times specified in the data sheet 
must be observed. 

Reset 

A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-on reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-on, the voltage on Vqd and RST must 


come up at the same time for a proper 
start-up. 

Power-on Reset (See Figure 1 ) 

When Vdd is turned on, and provided its 
rise-time does not exceed 10ms, an 
automatic reset can be obtained by 
connecting the RST pin to Vdd via a 2.2^F 
capacitor. When the power is switched on, 
the voltage on the RST pin is equal to Vdd 
minus the capadtor voltage, and decreases 
from Vdd as the capacitor charges through 
the internal resistor (Rrst) to ground. The 
larger the capacitor, the more slowly Vrst 
decreases. Vrst must remain above the 
lower threshold of the Schmitt trigger long 
enough to effect a complete reset. The time 
required is the oscillator start-up time, plus 2 
machine cycles. 



Idle Mode 

In the idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


Power-Down Mode 

In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last Instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode, the 
control bits for the reduced power modes are 
in the special function register PCON. Table 2 
shows the state of the I/O ports during low 
current operating modes. 

Power Control Register PCON 

These special modes are activated by 
software via the Special Function Register 
PCON. Its hardware address Is 87H. PCON 
is not bit addressable. The reset value of 
PCON is (0x0x0000). 



7 ( 

S 5 4 3 2 1 0 

PCON 

(87H) 

1 SMOoj - 

- 1 Rn| - 1 gfi|gfo| pd| idl| 

Bit 

Symbol 

Function 

PCON.7 

SMOD 

Double Baud rate bit. 
When set to logic 1 the 
baud rate is doubled when 
Timer 1 is used to 
generate baud rate, and 
the Serial Port is used in 
modes 1 . 2 or 3. 

PCON.6 

- 

(reserved for future use*) 

PCON.5 

RFI 

When set to logic 1 the 
toggling of ALE pin is 
prohibited. This bit is 
cleared on RESET. 

PCON.4 

- 

(reserved for future use*) 

PCON.3 

GF1 

General purpose flag bit. 

PCON.2 

GFO 

General purpose flag bit. 

PCON.1 

PD 

Power-down bit. Setting 
this bit activates 
Power-down mode. 

PCON.O 

IDL 

Idle mode bit. Setting this 
bit activates the Idle 
mode. If Is are written to 
PD and IDL at the same 
time, PD takes 
precedence. 


NOTE: 


* User software should not write 1 s to 
reserved bits. These bits may be used in 
future 80C51 family products to invoke 
new features. In that case, the reset or 
inactive value of the new bit will be 0, and 
its active value will be 1 . The value read 
from a reserved bit is indeterminate. 
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Table 1. 



ACCESS TO INTERNAL 
PROGRAM MEMORY 

ACCESS TO EXTERNAL 
PROGRAM MEMORY 

MOVC in internal program memory 

YES 

YES 

MOVC in external program memory 

NO 

YES 


NOTE: 

If the security bit has been set to a logical 0, there are no restrictions for the MOVC instructions. 


Table 2. External Pin Status During idie and Power-Down Mode 


MODE 

PROGRAM 

MEMORY 

ALE 

P5ER 

PORTO 

PORT1 

PORT 2 

PORTS 

Idle 

Internal 

1 

1 

Data 

Data 

Data 

Data 

Idle 

External 

1 

1 

Float 

Data 

Address 

Data 

Power-down 

Internal 

0 

0 

Data 

Data 

Data 

Data 

Power-down 

External 

0 

0 

Float 

Data 

Data 

Data 


Serial Control Register (S1CON} - See Table 3 


CR2 

ENS1 

STA 

STO 

3 

AA 

CR1 

CRO 


Bits CRO, CR1 and CR2 determine the serial clock frequency that is generated in the master mode of operation. 


Table 3. Serial Clock Rates 


CR2 

CR1 

CRO 

BIT FREQUENCY (kHz) AT fosc 

6MHz 

12MHz 

16MHz 

fosc DIVIDED BY 

0 

0 

0 

23 

47 

63 

256 

0 

0 

1 

27 

54 

71 

224 

0 

1 

0 

31 

63 

83 

192 

0 

1 

1 

37 

75 

100 

160 

1 

0 

0 

6.25 

12.5 

17 

960 

1 

0 

1 

50 

100 

1331 

120 

1 

1 

0 

100 

200^ 

267^ 

60 

1 

1 

1 

0.24 < 62.5 

0.49 < 62.5 

0.65 < 55.6 

96 X (256 - (reload value Timer 1)) 




0<255 

0<254 

0<253 

reload value range Timer 1 (in mode 2) 


NOTES: 


1 . These frequencies exceed the upper limit of 1CX)kHz of the I^C-bus specification and cannot be used in an I^C-bus application. 
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ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

RATING 

UNIT 

Voltage on Vqd to Vss 

-0.5 to +6.5 

V 

Voltage on any pin to Vgs 

—0.5 to Vqq+0.5 

V 

Storage temperature range 

-65 to +150 

°c 

Power dissipation (based on package heat transfer limitations, not device 
power consumption)^ 

1 

w 

Operating ambient temperature range 

FBB 

0 to +70 

°c 

FFB 

— 40 to +85 

°c 


NOTE: 


1 . Stresses above those listed under Absolute Maximum Ratings may cause permanent 
damage to the device, this is a stress rating only and functional operation of the device at 
these or any conditions other than those described in the AC and DC Electrical 
Characteristics section of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. 


DEVICE SPECIFICATIONS 



SUPPLY VOLTAGE (V) 

FREQUENCY 

(MHz) 

TEMPERATURE RANGE 

TYPE 

MIN. 

MAX. 

MIN. 

MAX. 

(°C) 

P83(0)CE654FBB 

4.5 

5.5 

1.2 

16 

0 to +70 

P83(0)CE654FFB 

4.5 

5.5 

1.2 

16 

-40 to +85 
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DC ELECTRICAL CHARACTERISTICS 

Vdd = 5V (±10%), Vss = OV. Tamb = 0°C to +70^C or ^0°C to +85^C 





TEST 

UMITS 


SYMBOL 

PARAMETER 

PART TYPE 

CONDITIONS 

MIN. 

MAX. 

UNIT 

V|L 

Input low voltage, 

0 to +70®C 


-0.5 

0.2VDcr0.1 

V 


except EA, P1.6/SCL. P1.7/SDA 

-40 to +85°C 


-0.5 

0.2Vdd-0.15 

V 

V,L1 

Input low voltage to EA 

0 to +70'^C 


-0.5 

0.2Vdd-O.3 

V 



-40 to +85''C 


-0.5 

0.2Vdd-0.35 

V 

V,L2 

Input low voltage to PI .6/SCL, P1.7/SDA® 



-0.5 

0.3Vdd 

V 

V|H 

Input high voltage, except XTALl , RST, 

0 to -l70''C 


0.2Vdd+0.9 

Vdd+0.5 

V 


PI. 6/SCL, P1.7/SDA 

-40 to -h85*"C 


0.2Vdd+1.0 

Vdd+0.5 

V 

VlHI 

Input high voltage, XTALl, RST 

O to +70°C 


O-TVdd 

Vdd+0.5 

V 



-40 to +85^C 


0.7Vdd+0.1 

Vdd+0.5 

V 

VlH2 

Input high voltage, PI .6/SCL, PI .7/SDA® 



0.7Vdd 

6.0 

V 

VoL 

Output low voltage, ports 1 , 2, 3, 
except PI .6/SCL. PI .T/SDA^- ALE, PSEN 


loL = 1 -BmA^ 


0.45 

V 

VoLI 

Output low voltage, port 0, ALE, PSEN'^ 


loL = 3.2mA7 


0.45 

V 

V0L2 

Output low voltage, PI .6/SCL, PI .T/SDA'^ 


Iql = 3.0mA^ 


0.4 

V 

VOH 

Output high voltage, ports 1 , 2, 3, except PI .6, 


low = -60|iA; 

2.4 


V 


PI. 7. ALE,P5EIT 


Vdd = 5V(±10%) 







loH = -25)iA 

0.75Vdd 






loH = “10pA 


V 




0.9Vdd 


V 

VoHl 

Output high voltage; 


Iqh — —SOOpA; 

2.4 


V 


port 0 in external bus mode^ 


Vdd = 5V(±10%) 







Iqh = — 300pA 

Iqh = -80|iA 

0.75Vdd 

0.9Vdd 


V 

V 

!|L 

Logical 0 input current, ports 1 , 2, 3, 

0 to +70^C 

Vi = 0.45V 


-50 

pA 


except PI. 6/SCL, P1.7/SDA 

-40 to +85°C 

Vj = 0.45V 


-75 

pA 

Itl 

Logical 1-to-O transition current, ports 1, 2, 3, 

0 to -f-70*"C 

Vi = 2.0V 


-650 

pA 


except PI. 6/SCL, P1.7/SDA 

-40 to +85"’C 

Vj = 2.0V 


-750 

pA 

•lii 

Input leakage current, port 0, EA 


0.45V < Vi < Vdd 


±10 

pA 

•lI2 

Input leakage current, PI. 6/SCL, P1.7/SDA 


0V< Vi<5.5V 

OV < Vdd < 5.5V 


±10 

pA 

•dd 

Power supply current: 







Active mode @ 16MHz^’ ® 


Vdd = 5.5V 


22 

mA 


Idle mode@16MHz2-8 


Vdd = 5V±10% 


6 

mA 


Power down mode^ 


@2V < VpD < VoDMAX 


50 

pA 

Rrst 

Internal reset pull-down resistor 



50 

150 

WQ 

C|0 

i 

Pin capacitance of I/O buffer 


Freq.=1MHz; 

TarTfc = 25°C 


10 

PF 


NOTES: See Next Page. 
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NOTES FOR DC ELECTRICAL CHARACTERISTICS: 

1 . The operating supply current is measured with all output pins disconnected; XTAL1 driven with V = tf = 5ns; Vjl = Vss + 0.5V; 

ViH = Vqd -0.5V; XTAL2 not connected; EA = RST = Port 0 = P1 .6 = P1 .7 = Vdd- 

2. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with V = ^ = 5ns; V|l = Vss + 0.5V; 

ViH = Vdd -0-5V; XTAL2 not connected; Port 0 = P1 .6 = P1 .7 = Vdd: HA = RST = Vgs- 

3. The power-down current is measured with all output pins disconnected; XTAL2 not connected; Port 0 = P1 .6 = PI .7 = Vdd; 

EA = XTAL1 = RST = Vss. 

4. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed on the Vqls of ALE and ports 1 and 3. The noise is due 
to external bus capacitance discharging into the port 0 and port 2 pins when these pins make 1-to-O transitions during bus operations, in the 
worst cases (capacitive loading > 1CX)pF), the noise pulse on the ALE pin may exceed 0.8V. In such cases, it may be desirable to qualify ALE 
with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STRO BE Input. 

5. Capacitive loading on ports 0 and 2 may cause the Vqh on ALE and PSeN to momentarily fall below the 0.9 Vdd specification when the 
address bits are stabilizing. 

6. The input threshold voltage of P1 .6 and PI. 7 (SI01) meets the I^C specification, so an input voltage below 0.3Vdd will be recognized as a 
logic 0 while an input voltage above 0.7Vdd will be recognized as a logic 1 . 

7. Under steady state (non-transient) conditions, Iql must be externally limited as follows: Maximum Iql = 10mA per port pin; Maximum 

Iql = 26mA total for Port 0; Maximum Iql = 1 5mA total for Ports 1 , 2, and 3; Maximum Iql = 71 mA total for ail output pins. If Iql exceeds the 
test conditions, Vql may exceed the related specification. Pins are not guaranteed to sink current greater than the listed test conditions. 

8. Iddmax for fhe 80/83CE654 at the other frequencies can be derived from Figure 1 , where FREQ is the external oscillator frequency in MHz. 
Iddmax is given in mA. 
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AC ELECTRICAL CHARACTERISTICS^' ^ 


SYMBOL 

FIGURE 

PARAMETER 

16 MHz CLOCK 

VARIABLE CLOCK 

UNIT 

MIN 

MAX 

MIN 

MAX 

1/fCLCL 

2 

Oscillator frequency 



1.2 

16 

MHz 

tLHLL 

2 

ALE pulse width 

85 


2tcLCL-40 


ns 

tAVLL 

2 

Address valid to ALE low 

8 


toLCL-55 


ns 

tLLAX 

2 

Address hold after ALE low 

28 


tCLCL-^ 


ns 

tlLIV 

2 

ALE low to valid instruction in 


150 


4tcLCL-1 00 

ns 

tlLPL 

2 

ALE low to PSEN low 

23 


toLCL-40 


ns 

tPLPH 

2 

PSEN pulse width 



3tcLCL-45 


ns 

tPLIV 

2 

PSeN low to valid instruction in 


83 


3tcLCL-1 05 

ns 

tpxix 

2 

Input instruction hold after PSEN 

0 


0 


ns 

fpxiz 

2 

Input instruction float after PSEN 


38 


toLCL-25 

ns 

tAVIV 

2 

Address to valid instruction in 


208 


5tcLCL-1 05 

ns 

fpLAZ 

2 

PSEN low to address float 


10 


10 

ns 

I Data Memory | 

fAVLL 


Address valid to ALE low 

8 


toLCL-55 


ns 

tRLRH 

3,4 

nU pulse width 

275 


StoLCL-lOO 


ns 

fWLWH 

3.4 

WR pulse width 

275 




ns 

tRLDV 

3.4 

■RU low to valid data in 


148 



ns 

fRHDX 

3.4 

Data hold after RD 

0 


0 


ns 

tRHDZ 

3.4 

Data float after RD 


55 


2tcLCL-70 

ns 

tlLDV 

3.4 

ALE low to valid data in 


350 


8toLCL“1 50 

ns 

Wdv 

3.4 

Address to valid data in 


398 


OtoiCL”*! 05 


tLLWL 

3,4 

ALE low to RtJ or WR low 

138 

238 


3tcLCL+50 

ns 


3.4 

Address valid to WR low or RD low 

120 


4tcLCL”'l 30 


ns 


3.4 

Data valid to WR transition 

3 




ns 

tow 

3,4 

Data setup time before WR 





ns 

tWHQX 

3.4 

Data hold after WR 

13 


toicL-SO 


ns 

tRLAZ 

3.4 

RD low to address float 


0 


0 

ns 

tWHLH 

3,4 

RD or WR high to ALE high 

23 

103 

tcLCL-40 

toLCL+40 

ns 

I Shift Register^ | 

tXLXL 

5 

Serial port clock cycle time 

0.75 


1 2tcLCL 


PS 

tovxH 

5 

Output data setup to clock rising edge 

492 


1 0fcLCL"^ 33 



tXHQX 

5 

Output data hold after clock rising edge 

80 


2tcLCL-117 


IIIE9H 

fXHDX 

5 

Input data hold after clock rising edge 

0 


0 


ns 

tXHDV 

5 

Clock rising edge to input data valid 


492 


10tcLCL“133 

ns 

I External Clock | 

toHCX 

6 

High time 

20 


20 

toiCL-toow 

ns 

toLCX 

6 

Low time 



20 

toLCL-tolGH 

ns 

tCLCH 

6 

Rise time 


20 


20 

ns 

toHCL 

6 

Fall time 


20 


20 

ns 


NOTES: 

1 . Parameters are valid over operating te mperat ure range unless otherwise specified. 

2. Load capacitance for port 0, ALE, and PSEN = 100pF, load capacitance for all other outputs = 80pF. 

3. Test condition: Tamb = to +700; Vdd = 5V -i- 1 0%; Vss = OV; load capacitance = 80pF. 
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AC ELECTRICAL CHARACTERISTICS - PC INTERFACE 


SYMBOL 

PARAMETER 

INPUT 

OUTPUT 

1 SCL TIMING CHARACTERISTICS | 

tno; STA 

START condition hold time 

^ 14tcLCL 

> 4.0ps^ 


SCL LOW time 

^ ISlcLCL 

> 4.7ps^ 

QSIIH 

SCL HIGH time 

^ 14 tcLCL 

> 4.0ps^ 


SCL rise time 

< IflS 

_2 

tpc 

SCL fall time 

<0.3ps 

< O.Sps^ 

SDA TIMING CHARACTERISTICS | 

tsu: dati 

Data set-up time 

> 250ns 

> 20 tcLCL - IrD 

tsu: DAT2 

SDA set-up time (before rep. START cond.) 

> 250ns 

> Ips^ 

tsu; DAT3 

SDA set-up time (before STOP cond.) 

> 250ns 

> 8 ICLCL 

tHo; DAT 

Data hold time 

>0ns 

> 8 tcLCL - tpC 

fsu; 

Repeated START set-up time 

^ 14 tcLCL 

> 4.7ps^ 

tsu; STO 

STOP condition set-up time 

^ 14 tcLCL 

> 4.0ps^ 

teuF 

Bus free time 

5: 14 tcLCL 

> 4.7|js^ 

tRD 

SDA rise time 

< Ips 

_2 

tpD 

SDA fall time 

< 0.3ps 

< 0.3ps^ 


NOTES: 

1 . At 1 00 kbit/s. At other bit rates this value is inversely proportional to the bit-rate of 100 kbit/s. 

2. Determined by the external bus-line capacitance and the external bus-line pull-resistor, this must be < 1p.s. 

3. Spikes on the SDA and SCL lines with a duration of less than 3 tcLCL will be filtered out. Maximum capacitance on bus-lines SDA and 
SCL = 400pF. 

4- tcLCL = 1/fosc = one oscillator clock period at pin XTAL1 . For 62ns < tcLCL < 285ns (16MHz > fosc > 3.5MHz) the SI01 interface meets the 
I^C-bus specification for bit-rates up to 1 00 kbit/s. 


TIMING SI01 (|2C) INTERFACE 



Oscillator Circuitry 

The capacitors connected to the crystal 
should be: Cl = C2 = 20pF. 
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EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has five characters. The Q - Output data 

first character is always ‘t’ (= time). The other R - RTJ signal 

characters, depending on their positions, t - Time 

indicate the name of a signal or the logical V - Valid 

status of that signal. The designations are: W - WR signal 

A - Address X - No longer a valid logic level 

C - Clock Z - Float 


D - Input data 
H - Logic level high 

I - Instruction (program memory contents) 
L - Logic level low, or ALE 
P - PSER 


Examples: tAVLL = T"'me for address valid 
to ALE low. 

tLLPL = Tinie for ALE low 
to PSbN low. 
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Purchase of Philips’ I^C components conveys a license under the 

Philips’ I^C patent to use the components in the l^C-system 

provided the system conforms to the I^C specifications defined by Philips. 



November 25, 1992 


1013 








Philips Semiconductors Microcontroller Products 


Product specification 


CMOS single-chip 8-bit microcontroller 


87C750 


DESCRIPTION 

The Philips 83C750/87C750 offers the 
advantages of the 80C51 architecture in a 
small package and at low cost. 

The 87C750 Microcontroller is fabricated with 
Philips high-density CMOS technology. 

Philips epitaxial substrate minimizes CMOS 
latch-up sensitivity. 

The 87C750 contains a 1k x 8 EPROM, a 64 
X 8 RAM. 19 I/O lines, a 16-bit auto-reload 
counter/timer, a five-source, fixed-priority 
level interrupt structure and an on-chip 
oscillator. 


ORDERING INFORMATION 


FEATURES 

• 80C51 based architecture 

• Small package sizes 

- 24-pin DIP (300 mi! “skinny DIP”) 

- 28-pin PLCC 

• 87C750 available in erasable quartz lid or 
one-time programmable plastic packages 

• Wide oscillator frequency range 

• Low power consumption: 

- Normal operation: less than 11mA @ 5V, 
12MHz 

- Idle mode 

- Power-down mode 

• Ik X 8 EPROM (87C750) 

• 64 X 8 RAM 

• 1 6-bit auto reloadable counter/timer 

• Fixed-rate timer 

• Boolean processor 

• CMOS and TTL compatible 

• Well suited for logic replacement, 
consumer and industrial applications 

• LED drive outputs 


PIN CONFIGURATIONS 


P3.4/A4 

P3.3/A3 

P3.2/A2/A10 

Pai/Al/A9 

P3.0/A0/A8 

PaZATpp 


RST 

X2 

XI 

Vss 


E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 


CERAMIC 

AND 

PLASTIC 

DUAL 

IN-UNE 

PACKAGE 


El vcc 

^ P 3 . 5 /A 5 
^ P 3 . 6 /A 6 
^ P 3 , 7 /A 7 
^ P 1 . 7 /T 0 /D 7 
iifli] P 1 . 6 /IRTT/D 6 
1 ^ P 1 . 5 /INTtI/D 5 
^ P 1 . 4 /D 4 

El 

P1.2/D2 
^ P1.1/D1 
iil P1.0/D0 



sn 

f o 


3 25 



PLASTIC 





LEADED 





CHIP 





CARRIER 




11 E 



3 19 



U 

rr 




12 

18 


Pin 

Function 

Pir 

1 Function 

1 

P3.4/A4 


15 P1.0/D0 

2 

P3.3/A3 

16 PI. 1/DI 

3 

P3.2/A2/A10 

17 

P1.2/D2 

4 

P3.1/A1/A9 

18 

PI. 3433 

5 

N.C. 


19 P1.4/D4 

6 

P3.0/A0/A8 

20 P1.5/lNTtf/D5 

7 

P0.2A/pp 

21 

N.C. 

8 

P0.1/S/OE-PGM 

22 

N.C. 

9 

P0.0/S/ASEL 

23 

P1.6/TNTT/D6 

10 

N.C. 


24 

P1.7/T0/D7 

11 

RST 


25 P3.7/A7 

12 

X2 


26 

P3.6/A6 

13 

XI 


27 

P3.5/A5 

14 

Vss 


28 

Vcc 


EPROM 

TEMPERATURE RANGE °C AND PACKAGE ^ 

FREQUENCY 

DRAWING NUMBER 


0 to +70, Ceramic Dual In-line Package, UV 

3.5 to 16MHz 

0586B 


-40 to +85, Ceramic Dual In-line Package. UV 


0586B 


0 to +70, Plastic Dual In-line Package, OTP 


0410D 

P87C750EF PN 

-40 to +85, Plastic Dual In-line Package, OTP 

3.5 to 16MHz 

041 OD 

P87C750EB AA 

0 to +70, Plastic Lead Chip Carrier. OTP 

3.5 to 16MHz 

0401 F 

P87C750EF AA 

-40 to +85, Plastic Lead Chip Carrier, OTP 

3.5 to 16MHz 

0401 F 


NOTE: 

1. OTP = One Time Progrmmable EPROM. UV = UV Erasable EPROM. 
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BLOCK DIAGRAM 


Vcc! 


P0.0-P0.2 




PORTO 

DRIVERS 

-TT- 


1 s 



PORTO 


1 

1 — n 

RAM 


LATCH 


EPROM 
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PIN DESCRIPTIONS 



PIN NO. 



MNEMONIC 

DIP 

LCC 

TYPE 

NAME AND FUNCTION 

Vss 

12 

14 

1 

Circuit Ground Potential 

Vcc 

24 

28 

1 

Supply voltage during normal, idle, and power-down operation. 

po.a-po .2 

8-6 

9-7 

I/O 

Port 0: Port 0 is a 3-bit open-drain, bidirectional port. Port 0 pins that have Is written to them float, 
and in that state can be used as high-impedance inputs. These pins are driven low if the port 
register bit is written with a 0. The state of the pin can always be read from the port register by the 
program. 

PO.O and P0.1 are open drain bidirectional I/O pins with the electrical characteristics listed in the 
tables that follow. While these differ from ‘standard TTL” characteristics, they are close enough for 
the pins to still be used as general-purpose I/O. Port 0 also provides alternate functions for 
programming the EPROM memory as follows: 


6 

7 

N/A 

Vpp (P0.2) - Programming voltage input. 


7 

8 

1 

OE/PGM (P0.1) - Input which specifies verify mode (output enable) or the program mode. 

OE/PGM = 1 output enabled (verify mode). 

OE/PGM = 0 program mode. 


8 

9 

1 

ASEL (PO.O) - Input which indicates which bits of the EPROM address are applied to port 3. 

ASEL = 0 low address byte available on port 3. 

ASEL = 1 high address byte available on port 3 (only the three least significant bits are used). 

P1.0-P1.7 

13-20 

15-20, 

23,24 

I/O 

Port 1 : Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. Port 1 pins that have Is written 
to them are pulled high by the internal pull-ups and can be used as Inputs. As inputs, port 1 pins 
that are externally pulled low will source current because of the Internal pull-ups. (See DC 

Electrical Characteristics: I|l). Port 1 serves to output the addressed EPROM contents in the verify 
mode and accepts as inputs the value to program into the selected address during the program 
mode. Port 1 also serves the special function features of the 80C51 family as listed below: 


18 

20 

1 

INT0(P1.5): External interrupt. 


19 

23 

1 

INti (P1.6): External Interrupt. 


20 

24 

1 

TO (PI .7): Timer 0 external input. 

P3.(>-P3.7 

5-1, 

23-21 

4-1 . 6, 
27-25 

I/O 

Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have Is written 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins 
that are externally being pulled low wilt source current because of the pull-ups. (See DC Electrical 
Characteristics: l|i_). Port 3 also functions as the address input for the EPROM memory location to 
be programmed (or verified). The 10-bit address is multiplexed into this port as specified by 
PO.O/ASEL 

RST 

9 

I 

11 

1 

Reset: A high on this pin for two machine cydes while the oscillator is running, resets the device. 

An internal diffused resistor to Vss permits a power-on RESET using only an external capadtor to 
Vcc- After the device is reset, a 10-bit serial sequence, sent LSB first, applied to RESET, places 
the device in the programming state allowing programming address, data and Vpp to be applied for 
programming or verification purposes. The RESET serial sequence must be synchronized with the 

XI input. 

XI 

11 

13 

1 

Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 
XI also serves as the clock to strobe in a serial bit stream into RESET to place the device in the 
programming state. 

X2 

10 

12 

o 

Crystal 2: Output from the inverting oscillator amplifier. 
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OSCILLATOR 

CHARACTERISTICS 

XI and X2 are the input and output, 
respectively, of an inverting amplifier which 
can be configured for use as an on-chip 
osdilator. 

To drive the device from an external clock 
source, XI should be driven while X2 is left 
unconnected. There are no requirements on 
the duty cycle of the external dock signal, 
because the input to the internal dock 
drcuitry is through a divide-by-two flip-flop. 
However, minimum and maximum high and 
low times spedfied in the data sheet must be 
observed. 

RESET 

A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
osdilator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cydes. At 
power-up, the voltage on Vcc and RST must 
come up at the same time for a proper 
start-up. 

IDLE MODE 

In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
Is activated. The CPU contents, the on-chip 
RAM, and ail of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 


interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 

POWER-DOWN MODE 

In the power-down mode, the osdilator Is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode, the 
control bits for the reduced power modes are 
in the spedal function register PCON. 

Table 1. External Pin Status 
During Idle and 
Power-Down Modes 


MODE 

Port 0 

Porti 

Port 2 

Idle 

Power-down 

Data 

Data 

Data 

Data 

Data 

Data 


DIFFERENCES BETWEEN THE 
8XC750 AND THE 80C51 

Program Memory 

On the 8XC750, program memory is 1024 
bytes long and is not externally expandable, 
so the 80C51 instructions MOVX, LJMP, and 
LCALL are not Implemented. The only fixed 
locations In program memory are the 
addresses at which execution is taken up in 
response to reset and interrupts, which are 
as follows: 


Program Memory 
Event Address 

Reset 000 

External HslTO 003 

Counter/timer 0 OOB 

External INTI 013 

Timer I 01 B 

Counter/Timer Subsystem 

The 87C750 has one counter/timer called 
timer/counter 0. Its operation is similar to 
mode 2 operation on the 80C51 , but is 
extended to 16 bits with 16 bits of autoload. 
The controls for this counter are centralized 
in a single register called TCON. 

Interrupt Subsystem - Fixed 
Priority 

The IP register and the 2-level interrupt 
system of the 80C51 are eliminated. 
Simultaneous interrupt conditions are 
resolved by a single-level, fixed priority as 
follows: 

Highest priority: Pin INTO 

Counter/timer flag 0 
Pin INTI 

Lowest priority: Timer I 

Special Function Register 
Addresses 

Special function registers for the 8XC750 are 
identical to those of the 80C51 , except for the 
changes listed below: 

80C51 special function registers not present 
in the 8XC750 are TMOD (89). P2 (AO) and 
IP (B8). The 80C51 registers TH1 and TL1 
are replaced with the 87C750 registers RTH 
and RTL respectively. 


ABSOLUTE MAXIMUM RATINGS^ ^ 


PARAMETER 

RATING 

UNIT 

Storage temperature range 

-65 to +150 

°C 

Voltage from Vcc to Vss 

-0.5 to +6.5 

V 

Voltage from any pin to Vss (except Vpp) 

-0.5 to Vcc + 0-5 

V 

Power dissipation 

LO 

w 

Voltage on Vpp pin to Vss 

0 to +13.0 

V 

Maximum Iql per I/O pin 

10 

mA 


NOTES: 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 
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DC ELECTRICAL CHARACTERISTICS 

Tamb = to +70°C or -40°C to -i-85°C. Vcc = 5V ±10% for 87C750. Vgs = OV^ 




TEST 

LIMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

MAX 

UNIT 


Input low voltage 


-0.5 

0.2Vdd-0-1 



Input high voltage, except XI , RST 


0.2Vcc+0.9 

Vcc+0.5 


EBIHlii 

Input high voltage, XI, RST 


0.7Vcc 

Vcc+0.5 

IHIIH 


Output low voltage, ports 1 and 3 

loL=1.6mA2 


VM 

V 


Output low voltage, port 0 

Iql = 3.2mA2 



V 

< 

o 

X 

Output high voltage, ports 1 and 3 

Iqh = — SOpA 

2.4 


V 



loH=-25pA 

0.75Vcc 


V 



•oh 

0.9Vcc 


V 

C 

Capacitance 



10 

pF 

l|L 

Logical 0 input current, ports 1 and 3 

V|N = 0.45V 


-50 


Itl 

Logical 1 to 0 transition current, ports 1 and 3^ 

V|n- 2V (0to70C) 


-650 


V,N = 2V (^0 to +85C) 


-750 


Ili 

Input leakage current, port 0 

0.45 < V,N < Vcc 


±10 



Internal pull-down resistor 


25 

175 

kr2 


Pin capacitance 

Testfreq = 1MHz, 

Ta,nb = 25°C 


10 

pF 

IPD 

Power-down current^ 

Vcc = 2 to Vcc max 


50 

pA 



Vss = 0V 




mm 

Vpp program voltage 

Vcc = 5V±10% 

Tamb = 2rCto27X 

12.5 

13.0 

V 


Program current 

Vpp = 13.0V 


50 

mA 

fmm 

Supply current (see Figure 3)^- ® 






NOTES: 

1 . Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 


2. Under steady state (non-transient) conditions, Iql must be externally limited as follows: 

Maximum Iql per port pin: 10mA (NOTE: This is 85°C spec.) 

Maximum Iql per 8-bit port: 26mA 

Maximum total Iql for all outputs: 67mA 

If Iql exceeds the test condition, Vql may exceed the related specification. Pins are not guaranteed to sink current greater than the listed test 
conditions. 

3. Pins of ports 1 and 3 source a transition current when they are being externally driven from 1 to 0. The transition current reaches its 
maximum value when V|n is approximately 2V. 

4. Power-down Ice is measured with all output pins disconnected; port 0 = Vcc; X2. XI n.c.; RST = Vss- 

5. Active Ice 's measured with all output pins disconnected; XI driven with tetcH. tcHCL = 5ns, Vil = Vss + 0-5V, V|h = Vcc - 0-5V; X2 n.c.; 

RST = port 0 = Vcc- Ice will be slightly higher if a crystal oscillator is used. 

6. Idle Ice is measured with all output pins disconnected; XI driven with tcLCH, tcHCL = 5ns, V|l = Vss + 0-5V, V|h = Vcc - 0.5V; X2 n.c.; 
port 0 = Vcc: RST = Vss- 


AC ELECTRICAL CHARACTERISTICS 

Tamb = OX to -i-70°C or -40°C to +85°C, Vcc = 5V ±10% for 87C750, Vss = OV’* 2 


SYMBOL 

PARAMETER 

12MHz CLOCK 

VARIABLE CLOCK 

UNIT 

MIN 

MAX 

MIN 

MAX 

l/tcLCL 

Oscillator frequency; 



3.5 

16 

MHz 

External Clock (Figure 1 ) | 

foHCX 

High time 

20 


20 


ns 

foLCX 

Low time 

20 


20 


ns 

tCLCH 

Rise time 


20 


20 

ns 

tCHCL 

Fall time 


20 


20 

ns 


NOTES: 

1 . Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 

2. Load capacitance for ports = 80pF. 
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EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has five characters. The H - Logic level high 


first character is always 'f (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 

C - Clock 
D - Input data 


L - Logic level low 
Q - Output data 
T - Time 
V - Valid 

X - No longer a valid logic level 
Z - Float 







MAX ACTIVE Ice 


TYP ACTIVE Ice® 


MAX IDLE Ice® 


4MHz 8MHz 12MHz 16MHz 


Figure 3. Ice vs. FREQ 

Maximum Ice values taken at Vec max and worst case temperature. 
Typical Ice values taken at Vec = 5.0V and 25°C. 

Notes 5 and 6 refer to DC Electrical Characteristics. 
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PROGRAMMING 

CONSIDERATIONS 

EPROM Characteristics 

The 87C750 is programmed by using a 
modified Quick-Pulse Programming algorithm 
similar to that used for devices such as the 
87C451 and 87C51 . It differs from these 
devices in that a serial data stream is used to 
place the 87C750 In the programming mode. 

Figure 4 shows a block diagram of the 
programming configuration for the 87C750. 
Port pin P0.2 is used as the programming 
voltage supply input (Vpp signal). Port pin 
PO. 1 is used as the program (PGM/) signal. 
This pin is used for the 25 programming 
pulses. 

Port 3 is used as the address input for the 
byte to be programmed and accepts both the 
high and low components of the eleven bit 
address. Multiplexing of these address 
components is performed using the ASEL 
input. The user should drive the ASEL input 
high and then drive port 3 with the high order 
bits of the address. ASEL should remain high 
for at least 13 clock cycles. ASEL may then 
be driven low which latches the high order 
bits of the address internally, the high 
address should remain on port 3 for at least 
two clock cycles after ASEL Is driven low. 

Port 3 may then be driven with the low byte of 
the address. The low address will be 
internally stable 1 3 clock cycles later. The 
address will remain stable provided that the 
low byte placed on port 3 is held stable and 
ASEL is kept low. Note: ASEL needs to be 
pulsed high only to change the high byte of 
the address. 

Port 1 is used as a bidirectional data bus 
during programming and verify operations. 
During programming mode, it accepts the 
byte to be programmed. During verify mode, 
it provides the contents of the EPROM 
location specified by the address which has 
been supplied to Port 3. 

The XTAL1 pin is the oscillator input and 
receives the master system clock. This clock 
should be between 1 .2 and 6MHz. 

The RESET pin is used to accept the serial 
data stream that places the 87C750 into 
various programming modes. This pattern 
consists of a 10-bit code with the LSB sent 
first. Each bit is synchronized to the clock 
input, XI. 

Programming Operation 

Figures 5 and 6 show the timing diagrams for 
the program/verify cycle. RESET should 


initially be held high for at least two machine 
cycles. P0.1 (PGM/) and P0.2 (Vpp) will be at 
VoH as a result of the RESET operation. At 
this point, these pins function as normal 
quasi-bidirectional I/O ports and the 
programming equipment may pull these lines 
low. However, prior to sending the 10-bit code 
on the RESET pin, the programming 
equipment should drive these pins high (V|h). 
The RESET pin may now be used as the 
serial data input for the data stream which 
places the 87C750 in the programming mode. 
Data bits are sampled during the clock high 
time and thus should only change during the 
time that the clock is low. Following 
transmission of the last data bit, the RESET 
pin should be held low. 

Next the address information for the location 
to be programmed is placed on port 3 and 
ASEL Is used to perform the address 
multiplexing, as previously described. At this 
time, port 1 functions as an output. 

A high voltage Vpp level is then applied to the 
Vpp input (P0.2). (This sets Port 1 as an input 
port). The data to be programmed into the 
EPROM array is then placed on Port 1. This 
is followed by a series of programming pulses 
applied to the PGM/ pin (P0.1). These pulses 
are created by driving P0.1 low and then 
high. This pulse is repeated until a total of 25 
programming pulses have occurred. At the 
conclusion of the last pulse, the PGM/ signal 
should remain high. 

The Vpp signal may now be driven to the Vqh 
level, placing the 87C750 in the verify mode. 
(Port 1 is now used as an output port). After 
four machine cycles (48 clock periods), the 
contents of the addressed location in the 
EPROM array will appear on Port 1 . 

The next programming cycle may now be 
initiated by placing the address information at 
the inputs of the multiplexed buffers, driving 
the Vpp pin to the Vpp voltage level, providing 
the byte to be programmed to Porti and 
issuing the 26 programming pulses on the 
PGM/ pin, bringing Vpp backdown to the Vc 
level and verifying the byte. 

Programming Modes 

The 87C750 has four programming features 
incorporated within its EPROM array. These 
include the USER EPROM for storage of the 
application’s code, a 16-byte encryption key 
array and two security bits. Programming and 
verification of these four elements are 
selected by a combination of the serial data 
stream applied to the RESET pin and the 
voltage levels applied to port pins P0.1 and 


P0.2. The various combinations are shown in 
Table 3. 

Encryption Key Table 

The 87C750 includes a 16-byte EPROM 
array that is programmable by the end user. 
The contents of this array can then be used 
to encrypt the program memory contents 
during a program memory verify operation. 
When a program memory verify operation is 
performed, the contents of the program 
memory location is XNOR'ed with one of the 
bytes in the 16-byte encryption table. The 
resulting data pattern is then provided to port 
1 as the verify data. The encryption 
mechanism can be disable, in essence, by 
leaving the bytes in the encryption table in 
their erased state (FFH) since the XNOR 
product of a bit with a logical one will result in 
the original bit. The encryption bytes are 
mapped with the code memory in 16-byte 
groups, the first byte in code memory will be 
encrypted with the first byte in the encryption 
table; the second byte in code memory will be 
encrypted with the second byte in the 
encryption table and so forth up to and 
including the 16the byte. The encryption 
repeats in 16-byte groups; the 17th byte in 
the code memory will be encrypted with the 
first byte in the encryption table, and so forth. 

Security Bits 

Two security bits, security bit 1 and security 
bit 2, are provided to limit access to the 
USER EPROM and encryption key arrays. 
Security bit 1 is the program inhibit bit, and 
once programmed performs the following 
functions: 

1 . Additional programming of the USER 
EPROM is inhibited. 

2. Additional programming of the encryption 
key is inhibited. 

3. Verification of the encryption key is 
inhibited. 

4. Verification of the USER EPROM and the 
security bit levels may still be performed. 

(If the encryption key array is being used, this 
security bit should be programmed by the 
user to prevent unauthorized parties from 
reprogramming the encryption key to all 
logical zero bits. Such programming would 
provide data during a verify cycle that is the 
logical complement of the USER EPROM 
contents). 

Security bit 2, the verify inhibit bit, prevents 
verification of both the USER EPROM array 
and the encryption key arrays. The security 
bit levels may still be verified. 
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Programming and Verifying 
Security Bits 

Security bits are programmed employing the 
same techniques used to program the USER 
EPROM and KEY arrays using serial data 
streams and logic levels on port pins 
indicated in Table 3. When programming 
either security bit, it is not necessary to 
provide address or data information to the 
87C750 on ports 1 and 3. 

Verification occurs in a similar manner using 
the RESET serial stream shown In Table 3. 
Port 3 is not required to be driven and the 
results of the verify operation will appear on 
ports 1.6 and 1.7. 


Ports 1.7 contains the security bit 1 data and 
is a logical one if programmed and a logical 
zero if erased. Likewise, PI. 6 contains the 
security bit 2 data and is a logical one if 
programmed and a logical zero if erased. 

Erasure Characteristics 

Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengtfis in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 


erasure. For this and secondary effects, it 
is recommended that an opaque labei be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Flourless 
part number 2345-5 or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-s/cm2. Exposing the EPROM to an 
ultraviolet lamp of 1 2,000p.W/cm2 rating for 
20 to 39 minutes, at a distance of about 
1 inch, should be sufficient. 

Erasure leaves the array in an all 1 s state. 


Table 2. Implementing Prog ram A^erify Modes 


OPERATION 

SERIAL CODE 

P0.1 (PGM/) 

P0.2(Vpp) 

Program user EPROM 

296H 

-* 

Vpp 

Verify user EPROM 

296H 

V|H 

V,H 

Program key EPROM 

292H 

-* 

Vpp 

Verify key EPROM 

292H 

V|H 

V,H 

Program security bit 1 

29AH 

— * 

Vpp 

Program security bit 2 

298H 


Vpp 

Verify security bits 

29AH 

V,H 

V,H 


NOTE: 

3. * Pulsed from Vih to V|l and returned to V|h. 


EPROM PROGRAMMING AND VERIFICATION 

Tamb = 21 °C tO +27°C, Vcc = 5V ±10%, Vgs = OV 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

l/tCLCL 

Oscillator/clock frequency 

1.2 

6 

MHz 

Wgl* 

Address setup to P0.1 (PROG-) low 

lOps - 1 - 24tcLCL 



kSHAX 

Address hold after P0.1 (PROG-) high 

48tcLCL 



bvGL 

Data setup to P0.1 (PROG-) low 

38tCLCL 



bvGL 

Data setup to P0.1 (PROG-) low 

38tcLCL 



tGHDX 

Data hold after P0.1 (PROG-) high 

38tcLCL 



tSHGL 

Vpp setup to P0.1 (PROG-) low 

10 


^is 

tGHSL 

Vpp hold after P0.1 (PROG-) 

10 


FS 

kaLGH 

P0.1 (PROG-) width 

90 

110 


tAVQV** 

Vpp low (Vcc) to data valid 


48tcLCL 

mmii 

^HGL 

P0.1 (PROG-) high to P0.1 (PROG-) low 

10 


\LS 

^SYNL 

PO.O (sync pulse) low 

4tcLCL 



tSYNH 

PO.O (sync pulse) high 

SkiLCL 



^MASEL 

ASEL high time 

13tcLCL 



^MAHLO 

Address hold time 

2tcLCL 



tHASET 

Address setup to ASEL 

13tcLCL 



Udsta 

Low address to valid data 


48tcLCL 



NOTES: 

4. * Address should be valid at least 24tcLCL before the rising edge of P0.2 (Vpp). 

5. ** For a pure verify mode, i.e., no program mode in between, tAvov is 1 4tcLCL maximum. 


December 21, 1992 


1021 











Philips Semiconductors Microcontroller Products 


Product specification 


CMOS single-chip 8-bit microcontroller 


87C750 



Figure 5. Entry Into ProgramArerify Modes 


P0.2 (Vpp) SV 


H I*' 


H h' 


_n_rL'; 

H H 


tGLGH p q *GHGL 

9a^s MIN 10|X8 MIN 


tDVGL tGHDX T 


VALID DATA A DATA TO BE PROGRAMMED A INVALID DATA A VAUD DATA 


Figure 6. Prog ram A^erify Cycle 
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8XC751 OVERVIEW 

The Signetics 83C751/87C751 offers tfie 
advantages of the SC80C51 architecture in a 
small package and at a low cost. This 
microcontroller is fabricated with Philips 
Semiconductors high-density CMOS 
technology. Signetics epitaxial substrate 
minimizes CMOS latch-up sensitivity. The 
83C751/87C751 (hereafter referred to 
collectively as the 83C751) contains a 2k x 8 
ROM/EPROM, a 64 X 8 RAM, 19 I/O lines, a 
16-bit auto-reload counter/timer, a fixed rate 
timer, a five source fixed priority interrupt 
structure, a bidirectional Inter-Integrated 
Circuit (I^C) serial bus interface, and an 
on-chip oscillator. The onboard 
Inter-integrated circuit (I^C) bus interface 
allows the 83C751 to operate as a master or 
slave device on the I^C small area network. 
This capability facilitates I/O and RAM 
expansion, access to EPROM, processor to 
processor communication, and efficient 
interface to a wide variety of dedicated I^C 
peripherals. The 83C751 has the following 
features: 

• SC80C51 based architecture 

• Boolean processor 

• Inter-integrated Circuit (I^C) serial bus 
interface 

• Fixed-rate timer 

• 16-bit auto reloadable counter/timer 

• Small package sizes 

“ 24-pin DIP (300 mil “skinny DIP”) 

- 28-pin PLCC 

• 2k X 8 ROM/EPROM 

• Available in erasable quartz lid (87C751 ), 
one-time programmable (87C751), or mask 
programmable versions (83C751) 

• Wide oscillator frequency range 


• Low power consumption; 

- Normal operation: less than 11mA (3> 5V, 
12MHz 

• Idle mode 

• Power-down mode 

• CMOS and TTL compatible 

This part is well suited for logic replacement 
in consumer and industrial applications. 

Differences from the 80C51 

Instruction Set 

PLEASE NOTE; The instruction set of the 
83C751 is identical to the 80C51 except for 
the instructions: MOVX, LCALL, and LJUMP, 
which are not implemented. Care must be 
taken not to use any of these instructions in a 
user program, especially when using a high 
level language such as C. 

Memory Organization 

The central processing unit (CPU) 
manipulates operands in two address spaces 
as shown In Figure 1 . The part’s Internal 
memory space consists of 2k bytes of 
program memory, and 64 bytes of data RAM 
overlapped with the 1 28-byte special function 
register area. The differences from the 80C51 
are in RAM size (64 bytes vs. 1 28 bytes), in 
external RAM access (not available on the 
83C751), in internal ROM size (2k bytes vs. 
4k bytes), and in external program memory 
expansion (not available on the 83C751). The 
128-byte special function register (SFR) 
space is accessed as on the 80C51 with 
some of the registers having been changed to 
reflect changes in the 83C751 peripheral 
functions. The stack may be located 
anywhere in internal RAM by loading the 8-bit 
stack pointer (SP). It should be noted that 
stack depth is limited to 64 bytes, the amount 
of available RAM. A reset loads the stack 
pointer with 07 (which is pre-incremented on 
a PUSH instruction). 


Special Function Registers 
The 83C751 contains many of the special 
function registers (SFR) that are found on the 
80C51 . Due to the different peripheral 
features on the 83C751 , there are several 
additional SFRs and several that have been 
changed. There is no port 2 on the 83C751 
so the P2 SFR isn’t used. The standard 
UART found on the 80C51 has been replaced 
by the I^C serial interface, so the UART 
SFRs, SCON, and SBUF have been replaced 
by I2CON and i2DAT, and two additional I^C 
registers have been added (I2STA and 
I2CFG). 

Because the interrupt structure is single level 
on the 83C751 , there Is no need for the IP 
SFR, so it is not used. The counter/timer has 
only one mode of operation, so the TMOD 
SFR is not used. There Is also only one 
counter/timer, so there is no need for the TL1 
and TH1 SFRs found on the 80C51 . These 
have been replaced on the 83C751 by RTL 
and RTH, the counter/timer reload registers. 
Table 1 shows the special function registers, 
their locations, and reset values. 

Data Pointer (DPTR) 

The data pointer (DPTR) consists of a high 
byte (DPH) and a low byte (DPL). In the 
80C51 this register allows the access of 
external data memory using the MOVX 
instruction. Since the 83C751 does not 
support MOVX or external memory accesses, 
this register is generally used as a 16-bit 
offset pointer of the accumulator in a MOVC 
instruction. DPTR may also be manipulated 
as two independent 8-blt registers. 

I/O Port Latches (PO, PI, P3) 

The port latches function the same as those 
on the 80C51 . Since there is no port 2 on the 
83C751 , the P2 latch is not used. Port 0 on 
the 83C751 has only 3 bits, so only 3 bits of 
the PO SFR have a useful function. 


(FFH) 255 


(80H) 128 


(3FH) 63 


(OOH)O 


Figure 1. Memory Map 
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Table 1. 8XC751 Special Function Registers 


SYMBOL 

DESCRIPTION 

DIRECT 

ADDRESS 

BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 

MSB LSB 

RESET 

VALUE 

ACC* 

Accumulator 

EOH 

E7 

E6 

E5 

E4 

E3 

E2 

El 

EO 

OOH 

B* 

B register 

FOH 

F7 

F6 

F5 

F4 

F3 

F2 

FI 

FO 

OOH 

DPTR: 

Data pointer 












(2 bytes) 











DPH 

High byte 

83H 









OOH 

DPL 

Low byte 

82H 









OOH 




DF 

DE 

DD 

DC 

DB 

DA 

D9 

D8 


I^CFG*# 

I^C configuration 

D8H/RD 

SLAVEN 

MASTRQ 

0 

TIRUN 

- 

_ 

CT1 

CTO 

OOOOxxOOB 



WR 

SLAVEN 

MASTRQ 

CLRTI 

TIRUN 

- 

_ 

CT1 

CTO 





9F 

9E 

9D 

9C 

9B 

9A 

99 

98 


I^CON*# 

I^C control 

98H/RD 

RDAT 

ATN 

DRDY 

ARL 

STR 

STP 

MASTER 

- 

81H 



WR 

CXA 

IDLE 

CDR 

CARL 

CSTR 

CSTP 

XSTR 

XSTP 







|2DAT*# 

I^C data 

99H/RD 

RDAT 

0 

0 

0 

0 

0 

0 

0 

80H 



WR 

XDAT 

X 

X 

X 

X 

X 

X 

X 





FF 

FE 

FD 

FC 

FB 

FA 

F9 

F8 


|2sta*# 

I^C control 

F8H 

- 

IDLE 

XDATA 

XACTV 

MMSTR 

MAKSTP 

XSTR 

XSTP 

xOIOOOOOB 




AF 

AE 

AD 

AC 

AB 

AA 

A9 

A8 


IE*# 

Interrupt enable 

ASH 

EA 

- 

- 

EI2 

ETI 

EX1 

ETO 

EXO 

OOH 









82 

81 

80 


PO*# 

Porto 

80H 







SDA 

SCL 

xxxxxlHB 




97 

96 

95 

94 

93 

92 

91 

90 


PI* 

Port 1 

90H 

TO 

TRTT 

mu 

- 

- 

- 

- 

- 

FFH 

P3* 

Ports 

BOH 

B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 

FFH 






PCON# 

Power control 

87H 

- 






PD 

IDL 

xxxxxxOOB 




D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 


PSW* 

Program status word 

DOH 

CY 

AC 

FO 

RSI 

RSO 

OV 


P 

OOH 

SP 

Stack pointer 

81H 









07H 




8F 

8E 

8D 

8C 

8B 

8A 

89 

88 


ICON*# 

Timer/counter control 

88H 

GATE 

C/T 

TF 

TR 

lEO 

ITO 

IE1 

IT1 

OOH 

TL# 

Timer low byte 

8AH 









OOH 

TH# 

Timer high byte 

8CH 









OOH 

RTL# 

Timer low reload 

8BH 









OOH 

RTH# 

Timer high reload 

SDH 









OOH 


* SFRs are bit addressable. 

# SFRs are modified from or added to the 80C51 SFRs. 
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I/O Port Structure 

The 8XC751 has two 8-bit ports (ports 1 
and 3) and one 3-bit port (port 0). All three 
ports on the 8XC751 are bidirectional. Each 
consists of a latch (special function register 
PO, PI, P3), an output driver, and an input 
buffer. Three port 1 pins and two port 0 pins 
are multifunctional. In addition to being port 
pins, these pins serve the function of special 
features as follows: 

Port Pin Alternate Function 

PO.O |2C clock (SCL) 

P0.1 |2Cdata(SDA) 

PI .5 INTO (external interrupt 0 input) 

PI. 6 INT1 (external interrupt 1 input) 

Pi .7 TO (timer 0 external input) 

Ports 1 and 3 are identical in structure to the 
same ports on the 80C51 . The structure of 
port 0 on the 8XC751 is similar to that of the 
80C51 but does not Include address/data 
input and output circuitry. As on the 80C51 , 
ports 1 and 3 are quasi-bidirectional while 
port 0 is bidirectional with no internal pullups. 

Timer/Counter 

The 8XC751 has two timers: a 16-blt 
timer/counter and a 10-bit fixed-rate timer. 
The 16-bit timer/counter’s operation is similar 
to mode 2 operation on the 80C51 , but is 
extended to 16 bits. The timer/counter is 
clocked by either 1/12 the oscillator 
frequency or by transitions on the TO pin. The 
C/T pin in special function register TCON 
selects between these two modes. When the 
TCON TR bit Is set, the timer/counter is 
enabled. Register pair TH and TL are 
incremented by the clock source. When the 


register pair overflows, the register pair is 
reloaded with the values in registers RTH and 
RTL. The value in the reload registers is left 
unchanged. See the 83C751 counter/timer 
block diagram in Figure 2. The TF bit in 
special function register TCON is set on 
counter overflow and, if the interrupt is 
enabled, will generate an interrupt. 


TCON Register 



MSB LSB 

GATE 1 - Timer/counter is enabled only 


when INTO pin is high, and TR 
is 1. 

0 - Timer/counter is enabled 
whenTR Is 1 . 

C/T 1 - Counter/timer operation from 

TO pin. 

0 - Timer operation from internal 
clock. 

TF 1 - Set on overflow of TH. 

0 - Cleared when processor 

vectors to Interrupt routine and 
by reset. 

TR 1 - Timer/counter enabled. 

0 - Timer/counter disabled. 
lEO 1 - Edge detected in INTO. 

ITO 1 - INTO Is edge triggered. 

0 - INTO is level sensitive. 

I El 1 - Edge detected on INTI. 

IT1 1 - INT1 is edge triggered. 

0 - INTT is level sensitive. 

These flags are functionally identical to the 
corresponding 80C51 flags, except that there 
is only one timer on the 83C751 and the flags 
are therefore combined into one register. 


Note that the positions of the lEO/lTO and 
IE1/IT1 bits are transposed from the positions 
used in the standard 80C51 TCON register. 

Timer I is used to control the timing of the I^C 
bus and also to detect a ‘bus locked” 
condition, by causing an interrupt when 
nothing happens on the I^C bus for an 
inordinately long period of time while a 
transmission is in progress. If the intermpt 
does not occur, the program can attempt to 
correct the fault and allow the last I^C 
transmission to be repeated 

The |2C watchdog timer, timer I, is also 
available as a general-purpose fixed-rate 
timer when the I^C interface is not being 
used. A clock rate of 1/12 the oscillator 
frequency forms the Input to the timer. Timer I 
has a timeout interval of 1 024 machine cycles 
when used as a fixed-rate timer. 

|2C Serial Interface 

The Pc bus uses two wires (SDA and SCL) 
to transfer information between devices 
connected to the bus. The main features of 
the bus are: 

• Bidirectional data transfer between masters 
and slaves 

• Serial addressing of slaves (no added 
wiring) 

• Acknowledgment after each transferred 
byte 

• Multimaster bus 

• Arbitration between simultaneously 
transmitting masters without corruption of 
serial data on bus 
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A large family of I^C compatible ICs is 
available. See the I^C section of this manual 
for more details on the bus and available ICs. 

The 83C751 I^C subsystem includes 
hardware to simplify the software required to 
drive the I^C bus. The hardware is a single bit 
interface which in addition to including the 
necessary arbitration and framing error 
checks, includes clock stretching and a bus 
timeout timer. The interface Is synchronized 
to software either through polled loops or 
interrupts. Refer to the application note 
AN422, in Section 4, entitled “Using the 
8XC751 Microcontroller as an I^C Bus 
Master” for additional discussion of the 
83C751 I^C interface and sample driver 
routines. 

Six time spans are important in I^C operation 
and are insured by timer I: 

• The MINIMUM HIGH time for SCL when 
this device is the master. 

• The MINIMUM LOW time for SCL when 
this device is a master. This is not very 
important for a single-bit hardware interface 
like this one, because the SCL low time is 
stretched until the software responds to the 
I^C flags. The software response time 
normally meets or exceeds the MIN LO 
time. In cases where the software 
responds within MIN HI + MIN LO) time, 
timer I will ensure that the minimum time is 
met. 

• The MINIMUM SCL HIGH TO SDA HIGH 
time in a stop condition. 

• The MINIMUM SDA HIGH TO SDA LOW 
time between I^C stop and start conditions 
(4.7ps, see spec.). 

• The MINIMUM SDA LOW TO SCL LOW 
time in a start condition. 

• The MAXIMUM SCL CHANGE time while 
an I^C frame is in progress. A frame is in 
progress between a start condition and the 
following stop condition. This time span 
serves to detect a lack of software 
response on this 8XC751 as well as 
external I^C problems. SCL "stuck low” 
indicates a faulty master or slave. SCL 
“stuck high” may mean a faulty device, or 
that noise induced onto the I^C bus caused 
all masters to withdraw from I^C arbitration. 

The first five of these times are 4.7ps (see 
I^C specification) and are covered by the low 
order three bits of timer I. Timer I is clocked 
by the 8XC751 oscillator, which can vary in 
frequency from 0.5 to 16MHz. Timer I can be 
preloaded with one of four values to optimize 
timing for different oscillator frequencies. At 
lower frequencies, software response time is 
increased and will degrade maximum 


performance of the I^C bus. See special 
function register I2CFG description for 
prescale values (CTO, CT1). 

The MAXIMUM SCL CHANGE time is 
important, but its exact span is not critical. 
The complete 10 bits of timer I are used to 
count out the maximum time. When I^C 
operation is enabled, this counter is cleared 
by transitions on the SCL pin. The timer does 
not run between I^C frames (i.e., whenever 
reset or stop occurred more recently than the 
last start). When this counter is running, it will 
carry out after 1020 to 1023 machine cycles 
have elapsed since a change on SCL. A 
carry out causes a hardware reset of the 
83C751 I^C interface and generates an 
interrupt if the timer I interrupt is enabled. In 
cases where the bus hangup is due to a lack 
of software response by this 83C751 , the 
reset releases SCL and allows I^C operation 
among other devices to continue. 

i^C Interrupts 

If I^C interrupts are enabled (EA and EI2 are 
both set to 1), an I^C interrupt will occur 
whenever the ATN flag is set by a start, stop, 
arbitration loss, or data ready condition (refer 
to the description of ATN following). In 
practice, it is not efficient to operate the I^C 
Interface in this fashion because the I^C 
interrupt service routine would somehow 
have to distinguish between hundreds of 
possible conditions. Also, since I^C can 
operate at a fairly high rate, the software may 
execute faster if the code simply waits for the 
I^C interface. 

Typically, the I^C interrupt should only be 
used to indicate a start condition at an idle 
slave device, or a stop condition at an idle 
master device (if It is waiting to use the I^C 
bus). This is accomplished by enabling the 
I^C interrupt only during the aforementioned 
conditions. 

I^C Register I2CON 


Read 

Write 

Reading I2CON 

RDAT The data from SDA is captured Into 
“Receive DATa” whenever a rising 
edge occurs on SCL. RDAT is also 
available (with seven low-order 
zeros) in the I2DAT register. The 
difference between reading it here 
and there is that reading I2DAT 
clears DRDY, allowing the I^C to 
proceed on to another bit. Typically, 
the first seven bits of a received 
byte are read from I2DAT. while the 
8th is read here. Then I2DAT can 


7 6 5 4 3 2 1 0 


RDAT 

ATN 

DRDY 

ARL 1 STR 1 STP | MASTEr| - 

CXA 

IDLE 

CDR 

carl|cstr|cstp| xstr |xstp 


8XC751 overview 


be written to send the Ack bit and 
clear DRDY. 

ATN “ATteNtion" is 1 when one or more 
of DRDY. ARL, STR, or STP is 1. 
Thus, ATN comprises a single bit 
that can be tested to release the 
t^C service routine from a “wait 
loop," 

DRDY “Data ReaDY" (and thus ATN) is set 
when a rising edge occurs on SCL, 
except at idle slave. DRDY is 
cleared by writing CDR = 1 , or by 
writing or reading the I2DAT 
register. The following low period 
on SCL is stretched until the 
program responds by clearing 
DRDY. 

Checking ATN and DRDY 

When a program detects ATN = 1 , it should 
next check DRDY. If DRDY = 1 , then if it 
receives the last bit, it should capture the 
data from RDAT (in I2DAT or I2CON). Next, if 
the next bit is to be sent, it should be written 
to I2DAT. One way or another, it should clear 
DRDY and then return to monitoring ATN. 
Note that if any of ARL, STR, or STP is set, 
clearing DRDY will not release SCL to high, 
so that the I^C will not go on to the next bit. If 
a program detects ATN = 1 , and DRDY = 0, it 
should go on to examine ARL, STR, and 
STP. 

ARL “Arbitration Loss” is 1 when 

transmit Active was set, but this 
83C751 lost arbitration to another 
transmitter. Transmit Active is 
cleared when ARL is 1 . There are 
four separate cases in which ARL is 
set.. 

1 . If the program sent a 1 or 
repeated start, but another 
device sent a 0, or a stop, so 
that SDA is 0 at the rising edge 
of SCL. (If the other device sent 
a stop, the setting of ARL will be 
followed shortly by STP being 
set.) 

2. If the program sent a 1 , but 
another device sent a repeated 
start, and it drove SDA low 
before the 83C751 could drive 
SCL low. (This type of ARL is 
always accompanied by 

STR = 1.) 

3. In master mode, if the program 
sent a repeated start, but 
another device sent a 1, and it 
drove SCL low before this 
83C751 could drive SDA low. 

4. In master mode, if the program 
sent stop, but it could not be 
sent because another device 
sent a 0. 
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STR “STaRt" is set to a 1 when an I^C 
start condition is detected at a 
non-idle slave or at a master. (STR 
is not set when an idle slave 
becomes active due to a start bit; 
the slave has nothing useful to do 
until the rising edge of SCL sets 
DRDY.) 

STP “SToP" is set to 1 when an I^C stop 
condition is detected at a non-idle 
slave or at a master. (STP is not set 
for a stop condition at an idle 
slave.) 

MASTER “MASTER” is 1 ifthis83C751 is 
currently a master on the I^C. 
MASTER is set when MASTRQ Is 1 
and the bus is not busy (i.e., if a 
start bit hasn’t been received since 
reset or a “Timer I” time-out, or if a 
stop has been received since the 
last start). MASTER Is cleared 
when ARL is set, or after the 
software writes MASTRQ = 0 and 
then XSTP = 1. 

Writing I2CON 

Typically, for each bit in an I^C message, a 
service routine waits for ATN = 1 . Based on 
DRDY, ARL, STR, and STP, and on the 
current bit position in the message, it may 
then write I2CON with one or more of the 
following bits, or it may read or write the 
I2DAT register. 

CXA Writing a 1 to “Clear Xmit Active” 
clears the Transmit Active state. 
(Reading the I2DAT register also 
does this.) 

Regarding Transmit Active 

Transmit Active is set by writing the 12DAT 
register, or by writing I2CON with XSTR = 1 
or XSTP = 1 . The I^C interface will only drive 
the SDA line low when Transmit Active is set, 
and the ARL bit will only be set to 1 when 
Transmit Active Is set. Transmit Active is 
cleared by reading the 12DAT register, or by 
writing I2CON with CXA = 1 . Transmit Active 
is automatically cleared when ARL is 1 . 

IDLE Writing 1 to “IDLE” causes a slave’s 
I^C hardware to ignore the I^C until 
the next start condition (but if 
MASTRQ is 1 , then a stop 
condition will make the 83C751 into 
a master). 

CDR Writing a 1 to “Clear Data Ready" 
clears DRDY. (Reading or writing 
the I2DAT register also does this.) 
CARL Writing a 1 to “Clear Arbitration 
Loss" clears the ARL bit. 

CSTR Writing a 1 to “Clear STaRt" clears 
the STR bit. 


CSTP Writing a 1 to “Clear SToP" clears 
the STP bit. Note that if one or 
more of DRDY, ARL, STR. or STP 
is 1 , the low time of SCL is 
stretched until the service routine 
responds by clearing them. 

XSTR Writing 1 s to “Xmit repeated STaRt" 
and CDR tells the I^C hardware to 
send a repeated start condition. 

This should only be at a master. 
Note that XSTR need not and 
should not be used to send an 
“initial" (nonrepeated) start; It is 
sent automatically by the I^C 
hardware. Writing XSTR = 1 
includes the effect of writing I2DAT 
with XDAT = 1 ; it sets Transmit 
Active and releases SDA to high 
during the SCL low time. After SCL 
goes high, the I^C hardware waits 
for the suitable minimum time and 
then drives SDA low to make the 
start condition. 

XSTP Writing 1 s to “Xmit SToP" and CDR 
tells the I^C hardware to send a 
stop condition. This should only be 
done at a master. If there are no 
more messages to initiate, the 
service routine should clear the 
MASTRQ bit in 12CFG to 0 before 
writing XSTP with 1 . Writing XSTP 
= 1 includes the effect of writing 
I2DAT with XDAT = 0, it sets 
Transmit Active and drives SDA low 
during the SCL low time. After SCL 
goes high, the I^C hardware waits 
for the suitable minimum time and 
then releases SDA to high to make 
the stop condition. 

NOTE: Because of the manner in which 
register bit addressing is implemented in the 
80C51 family, the I2CON register should 
never be altered by use of the SETS, CLR, 
CPL, MOV (bit), or JBC instructions. This Is 
due to the fact that read and write functions 
of this register are different. Testing of I2CON 
bits via the JB and JNB instructions is 
supported. 

|2C Register I2DAT 



7 

6 

5 

4 

3 

2 

1 

0 

Read 

RDAT 

0 

0 

0 

0 

0 

0 

0 

Write 

XDAT 

X 

X 

X 

X 

X 

X 

X 


RDAT “Receive DATa" is captured from 
SDA every rising edge of SCL. 
Reading i2DAT also clears DRDY 
and the Transmit Active state. 

XDAT “Xmit Data” sets the data for the 
next bit. Writing I2DAT also clears 
DRDY and sets the Transmit Active 
state. 


Regarding Software Response Time 

Because the 83C751 can run at 16MHz, and 
because the I^C interface is optimized for 
high-speed operation, it is quite likely that an 
I^C service routine will sometimes respond to 
DRDY (which is set at a rising edge of SCL) 
and write I2DAT before SCL has gone low 
again. If XDAT were applied directly to SDA. 
this situation would produce an I^C protocol 
violation. The programmer need not worry 
about this possibility because XDAT is 
applied to SDA only when SCL is low. 

Conversely, a program that includes an I^C 
service routine may take a long time to 
respond to DRDY. Typically, an I^C routine 
operates on a flag-polling basis during a 
message, with interrupts from other 
peripheral functions enabled. If an interrupt 
occurs, it will delay the response of the I^C 
service routine. The programmer need not 
worry about this very much either, because 
the I^C hardware stretches the SCL low time 
until the service routine responds. The only 
constraint on the response is that it must not 
exceed the Timer I time-out. which is at least 
765 microseconds. 


I^C Register I2CFG 



7 

6 

5 

4 

3 

2 

1 

0 

Read 

SLAVEN 

MASTRQ 

0 

TIRUN 

_ 

- 

CT1 

CTO 

Write 

SLAVEN 

MASTRQ 

CLRTI 

TIRUN 

- 

- 


CTO 


SLAVEN Writing a 1 to “SLAVe ENable” 

enables the slave functions of the 
|2C subsystem. If SLAVEN and 
MASTRQ are 0, the I^C hardware 
is disabled. This bit is cleared to 0 
by reset and by an I^C time-out. 

MASTRQWriting a 1 to “MASTRQ" requests 
mastership of the I^C. If a frame 
from another master is in progress 
when this bit is changed from 0 to 
1 , action is delayed until a stop 
condition is detected. Then, or 
immediately if a frame is not in 
progress, a start condition is sent 
and DRDY is set (thus making ATN 
1 and generating an I^C interrupt). 
When a master wishes to release 
mastership status of the I^C, It 
writes a 1 to XSTP In I2CON. 
MASTRQ is cleared by reset and 
by an I^C time-out. 

CLRTI Writing a 1 to this bit clears the 
Timer I interrupt flag. This bit 
position always reads as a 0. 

TIRUN Writing a 1 to this bit lets Timer I 
run; a zero stops and clears it. 
Together with SLAVEN, MASTRQ, 
and MASTER, this bit determines 
operational modes as shown in 
Table 2. 
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CT 1 ,0 These two bits are programmed as on the I^C. The time value 

a function of the OSC rate, to determined by these bits controls 

optimize the MIN HI and LO time of both of these parameters, and also 

SCL when this 83C751 is a master 

Table 2. Interaction of TIRUN with SLAVEN, MASTRQ, and MASTER 


SLAVEN, 

MASTRQ, 

MASTER 

TIRUN 

OPERATING MODE 

Alio 

0 

The I^C interface is disabled. Timer 1 is cleared and does not run. This is the state assumed 
after a reset. If an I^C application wants to ignore the I^C at certain times, it should write 

SLAVEN, MASTRQ, and TIRUN all to zero. 

Alio 

1 

The I^C interface is disabled. Timer 1 operates as a free-running time base. Use this mode only 
in non-I^C applications. 

Any or all 1 

0 

The I^C interface is enabled. The 3 low-order bits of Timer 1 run for min-time generation, but the 
hi-order bits do not, so that there is no checking for I^C being “hung." This configuration can be 
used for very slow I^C operation. 

Any or all 1 

1 

The I^C interface is enabled. Timer 1 runs during frames on the I^C, and is cleared by transitions 
on SCL, and by Start and Stop conditions. This is the normal state for I^C operation. 


the timing for stop and start 
conditions. These bits are cleared 
to 00 by reset. 


Values to be used in the CT1 and CTO bits 
are shown in Table 3. To allow the I^C bus to 
run at the maximum rate for a particular 
oscillator frequency, compare the actual 
oscillator rate to the fosc max column in the 
table. The value for CT1 and CTO is found in 
the first line of the table where fosc max is 
greater than or equal to the actual frequency. 

The table also shows the osc/1 2 count for 
various settings of CT1/CT0. This allows 
calculation of the actual minimum high and 
low times for SCL as follows: 

SCL min high/low time = 12 * count 
(in microseconds) osc (in MHz) 

For instance, at a 16MHz frequency, with 
CT1/CT0 set to 10, the minimum SCL high 
and low times will be 5.25|is 
The table also shows the Timer I timeout peri- 
od (given in machine cycles) for each 
CT1/CT0 combination. The timeout period 
varies because of the way in which minimum 
SCL high and low times are measured. When 
the I^C interface is operating. Timer I is pre- 
loaded at every SCL transition with a value 
dependent upon CT 1/CTO. The preload value 
is chosen such that a minimum SCL high or 
low time has elapsed when Timer I reaches a 
count of 008 (the actual value preloaded into 
Timer I is 8 minus the osc/1 2 count). 


I^C Register I2STA 

Read only 

7 6 5 4 3 2 1 0 

I - 1 idle|xdata|xactv|makstr|makstp| xstr|xst^ 

MSB LSB 

This register is read only and reflects the 
internal status of the I^C hardware. IDLE, 
XSTR, and XSTP reflect the status of the like 
named bits in the I2CON register. 

XDATA The content of the transmitter 
buffer. 

XACTV Transmitter active. 

MAKSTR This bit is high while the hardware 
Is effecting a start condition. 
MAKSTP This bit is high while the hardware 
is effecting a stop condition. 

XSTR This bit Is active while the hardware 
is effecting a repeated start 
condition. 

XSTP This bit Is active while tfie hardware 
is effecting a repeated stop 
condition. 

Interrupts 

The interrupt structure is a five-source, 
one-level interrupt system. Interrupt sources 


common to the 80C51 are the external 
interrupts (INTO, INTI) and the timer/counter 
interrupt (ETO). The I^C interrupt (EI2) and 
Timer I interrupt (ETI) are the other two 
interrupt sources. The interrupt sources are 
listed below in their order of polling sequence 
priority. 

Upon interrupt or reset the program counter is 
loaded with specific values for the appropriate 
interrupt service routine in program memory. 
These values are: 

Program Memory 

Event Address Priority 

Reset 000 Highest 

INTO 003 

Counter/Timer 0 OOB 

INTI 013 

Timer I 01 B 

I^C 023 Lowest 

The interrupt enable register (IE) is used to 
individually enable or disable the five 
sources. Bit EA in the interrupt enable 
register can be used to globally enable or 
disable all interrupt sources. The interrupt 
enable register is described below. All other 
interrupt details are based on the 80C51 
interrupt architecture. 


Tables. CT1, CTO Values 


CT1, CTO 

osc/ 1 2 COUNT 

fosc max 

TIMEOUT PERIOD 

10 

7 

16.8MHz 

1 023 cycles 

01 

6 

14.25MHz 

1 022 cycles 

00 

5 

11.7MHz 

1021 cycles 

11 

4 

9.14MH2 

1 020 cycles 


interrupt Enable Register Symbol Position Function 

I CT I X I X I B2 I ETI I EX1 I ETP I EX0~| 
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ES 

IE.7 

Disables all Interrupts. 

If EA = 0, no interrupt 
will be acknowledged. 

If EA = 1 , each 
interrupt source is 
individually enabled or 
disabled by setting or 
clearing its enable bit 

- 

IE.6 

Reserved 

- 

IE.5 

Reserved 

EI2 

IE.4 

Enables or disables 
the I^C interrupt. If 

EI2 = 0. the |2C 
interrupt is disabled 

ETI 

IE.3 

Enables or disables 
the Timer 1 overflow 
interrupt. If ETI = 0, the 
Timer 1 interrupt is 
disabled. 

EX1 

IE.2 

Enables or disables 
external interrupt 1 . If 
EX1 =0, external 
interrupt 1 is disabled. 

ETO 

IE.1 

Enables or disables 
the Timer 0 overflow 
Interrupt. If ETO = 0, 
theTimer 0 interrupt is 
disabled. 

EXO 

lE.O 

Enables or disables 
external interrupt 0. If 
EXO = 0, external 
interrupt 0 is disabled. 
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DESCRIPTION 

The Philips 83C751/87C751 offers the 
advantages of the 80C51 architecture in a 
small package and at low cost. 

The 8XC751 Microcontroller is fabricated with 
Philips high-density CMOS technology. 

Philips epitaxial substrate minimizes CMOS 
latch-up sensitivity. 

The 8XC751 contains a 2k x 8 ROM 
(83C751) EPROM {87C751), a64 x 8 RAM, 
19 I/O lines, a 16-bit auto-reload 
counter/timer, a five-source, fixed-priority 
level interrupt structure, a bidirectional 
inter-integrated circuit (I^C) serial bus 
interface, and an on-chip oscillator. 

The on-board inter-integrated circuit (I^C) bus 
interface allows the 8XC751 to operate as a 
master or slave device on the I^C small area 
network. This capability facilitates I/O and 
RAM expansion, access to EEPROM, 
processor-to-processor communication, and 
efficient interface to a wide variety of 
dedicated I^C peripherals. 



ORDERING INFORMATION 


FEATURES 

• 80C51 based architecture 

• Inter-Integrated Circuit (FC) serial bus 
interface 

• Small package sizes 

- 24-pin DIP (300 mil “skinny DIP”) 

-> 28-pin PLCC 

• 87C751 available in erasable quartz lid or 
one-time programmable plastic packages 

• Wide oscillator frequency range 

• Low power consumption: 

- Normal operation: less than 11mA @ 5V, 
12MHz 

- Idle mode 

- Power-down mode 

• 2k X 8 ROM (83C751) 

2kx8 EPROM(87C751) 

• 64 X 8 RAM 

• 16-bit auto reloadable counter/timer 

• Fixed-rate timer 

• Boolean processor 

• CMOS and TTL compatible 

• Well suited for logic replacement, 
consumer and industrial applications 

• LED drive outputs 


PIN CONFIGURATIONS 


P3.4/A4 |T 
P3.3/A3 |T 
P3.2/A2/A10 [T 
P3.1/A1/A9 (T 
P3.0/A0/A8 (T 
po.2/vpp 



CERAMIC 

AND 

PLASTIC 

DUAL 

IN-UNE 

PACKAGE 


^ P3.6/A6 
21 ] P3.7/A7 
^ Pl.7rTO/D7 
P1.6/IRTT/D6 
Pl.S/IFmJ/DS 

^ P1.4/D4 
^ P1.3/D3 
Ts] P1.2/D2 
14 ] P1.1/D1 
13 ] P1.0/D0 



5C 

f 0 


□ 25 



PLASTIC 





LEADED 





CHIP 




11 C 

CARRIER 


□ l9 



LI 1 

cr 




12 

18 


Pin 

Function 

Pin Function 

1 

P3.4/A4 


15 

P1.0/D0 

2 

P3.3/A3 


16 

PI. 1/DI 

3 

P3.2/A2/A10 

17 

P1.2AD2 

4 

P3.1/A1/A9 

18 

P1.3£)3 

5 

N.C. 


19 

P1.4/D4 

6 

P3.0/A0/A8 

20 

PI.S/TTTTO/DS 

7 

P0.2A/pp 

21 

N.C. 

8 

P0.1/SDA/OE-PGM 

22 

N.C. 

9 

P0.0/SCL/ASEL 

23 

P1.6/1NTT/D6 

10 

N.C. 


24 

P1.7/T0/D7 

11 

RST 


25 

P3.7/A7 

12 

X2 


26 

P3.6/A6 

13 

XI 


27 

P3.5/A5 

14 

Vss 


28 

Vcc 


ROM 

EPROM 

TEMPERATURE RANGE °C 

AND PACKAGE 1 

FREQUENCY 

MHz 

DRAWING 

NUMBER 


S87C751-1F24 

0 to +70, Ceramic Dual In-line Package, UV 

3.5 to 12 

0586B 


S87C751-2F24 

-40 to +85, Ceramic Dual In-line Package, UV 

3.5 to 12 

0586B 


S87C751-4F24 

0 to +70, Ceramic Dual In-line Package, UV 

3.5 to 16 

0586B 


S87C751-5F24 

-40 to +85, Ceramic Dual In-line Package, UV 

3.5 to 16 

0568B 

S83C751-1N24 

S87C751-1N24 

0 to +70, Plastic Dual In-line Package, OTP 

3.5 to 12 

0410D 

S83C751-2N24 

S87C751-2N24 

-40 to +85, Plastic Dual In-line Package, OTP 

3.5 to 12 

0410D 

S83C751-4N24 

S87C751-4N24 

0 to +70" Plastic Dual In-line Package, OTP 

3.5 to 16 


S83C751-5N24 

S87C751-5N24 

-40 to +85, Plastic Dual In-line Package, OTP 

3.5 to 16 


S83C751-1A28 

S87C751-1A28 

0 to +70, Plastic Leaded Chip Carrier, OTP 

3.5 to 12 


S83C751-2A28 

S87C751-2A28 

-40 to +85, Plastic Leaded Chip Carrier, OTP 

3.5 to 12 

0401 F 

S83C751-4A28 

S87C751-4A28 

0 to +70, Plastic Leaded Chip Carrier, OTP 

3.5 to 16 

040 IF 

S83C751-5A28 

S87C751-5A28 

-40 to +85, Plastic Leaded Chip Carrier, OTP 

3.5 to 16 

040 IF 


NOTE: 

1 . OTP = One Time Progrmmable EPROM. UV = UV Erasable EPROM. 
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BLOCK DIAGRAM 


l>C 

CONTROL 



RAM ADDR ( 
REGISTER F 




PCON 

I2DAT 

I2CFG 

I2CON 

I2STA 

IE 

TCON 


THO 

TLO 



RTH 

RTL 


INTERRUPT. SERIAL 

PORT AND TIMER BLOCKS 


O tr 

TIMING {T " 
AND 5 OT 
CONTROL E O 


PORTI 

L\ PORT 3 

DRIVERS 

' — DRIVERS 

■iB— - 

P1.0-P1.7 

fltlilH' 

P3.0-P3.7 


PROGRAM 

ADDRESS 

REGISTER 


PROGRAM I 
COUNTER F 
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PIN DESCRIPTIONS 



PIN NO. 



MNEMONIC 

DIP 

LCC 

TYPE 

NAME AND FUNCTION 

Vss 

12 

14 

1 

Circuit Ground Potential 

Vcc 

24 

28 

1 

Supply voltage during normal, idle, and power-down operation. 

P0.0-P0.2 

8-6 

9-7 

I/O 

Port 0: Port 0 is a 3-bit open-drain, bidirectional port. Port 0 pins that have Is written to them float, 
and in that state can be used as high-impedance inputs. Port 0 also serves as the serial I^C 
interface. When this feature is activated by software, SCL and SDA are driven low in accordance 
with the I^C protocol. These pins are driven low if the port register bit is written with a 0 or if the I^C 
subsystem presents a 0. The state of the pin can always be read from the port register by the 
program. 

To comply with the I^C specification, PO.O and P0.1 are open drain bidirectional I/O pins with the 
electrical characteristics listed in the tables tfiat follow. While these differ from “standard TTL” 
characteristics, they are close enough for the pins to still be used as general-purpose I/O in 
non-I^C applications. Port 0 also provides alternate functions for programming the EPROM 
memory as follows: 


6 

7 

N/A 

Vpp (P0.2) - Programming voltage input. 


7 

8 

1 

OE/PGM (P0.1) - Input which specifies verify mode (output enable) or the program mode. 

OE/PGM = 1 output enabled (verify mode). 

OE/PGM = 0 program mode. 


8 

9 

1 

ASEL (PO.O) - Input which indicates which bits of the EPROM address are applied to port 3. 

ASEL = 0 low address byte available on port 3. 

ASEL = 1 high address byte available on port 3 (only the three least significant bits are used). 


7 

8 

I/O 

SDA(P0.1)-|2C data. 


8 

9 

I/O 

SCL (PO.O) - |2C clock. 

Pi.a-Pi.7 

13-20 

15-20, 
23, 24 

I/O 

Port 1 : Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. Port 1 pins that have Is written 
to them are pulled high by the Internal pull-ups and can be used as inputs. As inputs, port 1 pins 
that are externally pulled low will source current because of the internal pull-ups. (See DC 

Electrical Characteristics: Iil). Port 1 serves to output the addressed EPROM contents in the verify 
mode and accepts as Inputs the value to program into the selected address during the program 
mode. Port 1 also serves the special function features of the 80C51 family as listed below: 


18 

20 

1 

INTO (P1.5): External interrupt. 


19 

23 

1 

INTI (P1.6): External interrupt. 


20 

24 

1 

TO (P1.7): Timer 0 external input. 

P3.a-P3.7 

6-1. 

23-21 

4-1,6, 

27-25 

I/O 

Port 3: Port 3 is an 8-bit bidirectional I/O port with Internal pull-ups. Port 3 pins that have 1 s written 
to them are pulled high by the internal pull-ups and can be used as inputs. As inputs, port 3 pins 
that are externally being pulled low will source current because of the pull-ups. (See DC Electrical 
Characteristics: I|l). Port 3 also functions as the address input for the EPROM memory location to 
be programmed (or verified). The 11 -bit address is multiplexed into this port as specified by 
PO.O/ASEL 

RST 

9 

11 

1 

Reset: A high on this pin for two machine cycles while the oscillator is running, resets the device. 

An internal diffused resistor to Vss permits a power-on RESET using only an external capacitor to 
Vcc- After the device is reset, a 10-bit serial sequence, sent LSB first, applied to RESET, places 
the device in the programming state allowing programming address, data and Vpp to be applied for 
programming or verification purposes. The RESET serial sequence must be synchronized with the 

XI input. 

XI 

11 

13 

1 

Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator circuits. 
XI also serves as the clock to strobe in a serial bit stream into RESET to place the device in the 
programming state. 

X2 

10 

12 

o 

Crystal 2: Output from the inverting oscillator amplifier. 
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OSCILLATOR 

CHARACTERISTICS 

X1 and X2 are the input and output, 
respectively, of an inverting amplifier which 
can be configured for use as an on-chip 
oscillator. 

To drive the device from an external clock 
source, X1 should be driven while X2 is left 
unconnected. There are no requirements on 
the duty cycle of the external clock signal, 
because the input to the internal clock 
circuitry is through a divide-by-two flip-flop. 
However, minimum and maximum high and 
low times specified in the data sheet must be 
observed. 

RESET 

A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
oscillator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cycles. At 
power-up, the voltage on Vcc and RST must 
come up at the same time for a proper 
start-up. 

IDLE MODE 

In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM, and all of the special function registers 
remain intact during this mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 


POWER-DOWN MODE 

In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode, the 
control bits for the reduced power modes are 
in the special function register PCON. 

Table 1. External Pin Status 
During Idle and 
Power-Down Modes 


MODE 

Porto 

Port 1 

Port 2 

Idle 

Power-down 

Data 

Data 

Data 

Data 

Data 

Data 


DIFFERENCES BETWEEN THE 
8XC751 AND THE 80C51 

Program Memory 

On the 8XC751, program memory is 2048 
bytes long and is not externally expandable, 
sothe80C51 instructions MOVX, LJMP, and 
LCALL are not implemented. The only fixed 
locations in program memory are the 
addresses at which execution is taken up in 
response to reset and interrupts, which are 
as follows: 

Program Memory 
Event Address 

Reset 000 

External INTO 003 

Counter/timer 0 OOB 

External INT1 01 3 

Timer I 01 B 

|2C serial 023 

Counter/Timer Subsystem 

The 8XC751 has one counter/timer called 
timer/counter 0. Its operation is similar to 
mode 2 operation on the 80C51 , but is 
extended to 16 bits with 16 bits of autoload. 
The controls for this counter are centralized 
in a single register called TCON. 


A watchdog timer, called Timer I, is for use 
with the I^C subsystem. In I^C applications, 
this timer is dedicated to time-generation and 
bus monitoring of the I^C. In non-I^C 
applications, it is available for use as a fixed 
time-base. 

Interrupt Subsystem - Fixed 
Priority 

The IP register and the 2-level interrupt 
system of the 80C51 are eliminated. 
Simultaneous interrupt conditions are 
resolved by a single-level, fixed priority as 
follows: 

Highest priority: Pin INTO 

Counter/timer flag 0 
Pin INTI 
Timer I 

Lowest priority: Serial l^C 

Serial Communications 

The 8XC751 contains an I^C serial 
communications port instead of the 80C51 
UART The I^C serial port is a single bit 
hardware interface with all of the hardware 
necessary to support multimaster and slave 
operations. Also included are receiver digital 
filters and timer (timer I) for communication 
watch-dog purposes. The I^C serial port is 
controlled through four special function 
registers; I^C control, I^C data, I^C status, 
and I^C configuration. 

Special Function Register 
Addresses 

special function registers for the 8XC751 are 
identical to those of the 80C51 , except for the 
changes listed below: 

80C51 special function registers not present 
in the 8XC751 are TMOD (89), P2 (AO) and 
IP (B8). The 80C51 registers TH1, TL1 , 
SCON, and SBUF are replaced with the 
8XC751 registers RTH, RTL, I2CON, and 
I2DAT, respectively. Additional special 
function registers are I2CFG (D8) and 12STA 
(F8). See Table 2. 


Table 2. |2c Special Function Register Addresses 
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ABSOLUTE MAXIMUM RATINGS^' ^ 


PARAMETER 

RATING 

UNIT 

Storage temperature range 

— 65 to +1 50 

°C 

Voltage from Vqc to Vss 

-0.5 to +6.5 

V 

Voltage from any pin to Vss (except Vpp) 

-0.5 to Vcc + 0.5 

V 

Power dissipation 

1.0 

w 

Voltage on Vpp pin to Vss 

0 to +13.0 

V 

Maximum Iql per I/O pin 

10 

mA 


NOTES: 


1 . Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 


DC ELECTRICAL CHARACTERISTICS 

Tamb = 0°C to +70°C or -40°C to -h85°C, Vcc = 5V ±10% for 87C751 , Vcc = 5V ±20% for 83C751 . Vss = OV^ 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

LIMITS 

UNIT 

MIN 

MAX 

V,L 

V,H 

V|H1 

Input low voltage, except SDA, SCL 

Input high voltage, except XI , RST 

Input high voltage, XI , RST 


-0.5 

0.2Vcc+0.9 

0.7Vcc 

0.2Vdd- 0.1 
Vcc +0-5 
Vcc+0.5 

V 

V 

V 

VlL1 

V|H2 

SDA, SCL, P0.2 

Input low voltage 

Input high voltage 


-0.5 

0.7Vcc 

0-3Vcc 

Vcc+0.5 

V 

V 

Vql 

Vqli 

Output low voltage, ports 1 and 3 

Output low voltage, port 0.2 

Iql = 1 .6mA^ 

Iql = 3.2mA2 


0.45 

0.45 

V 

V 

< 

o 

X 

Output high voltage, ports 1 and 3 

Iqh = — BOjiA 
loH=-25pA 
loH = -10pA 

2.4 

0.75Vcc 

0-9Vcc 


V 

V 

V 

V0L2 

C 

Port 0.0 and 0.1 (I^C) - Drivers 

Output low voltage 

Driver, receiver combined; 

Capacitance 

Iql = 3mA 
(over Vcc range) 


0.4 

10 

V 

pF 

l|L 

Itl 

iu 

Logical 0 input current, ports 1 and 3 

Logical 1 to 0 transition current, ports 1 and 3^ 

Input leakage current, port 0 

V,N = 0.45V 

ViN = 2V (0 to 70°C) 

V,N = 2V (-40 to +85°C) 
0.45 <V,N< Vcc 


-50 

-650 

-750 

±10 

pA 

pA 

pA 

pA 

Rrst 

Internal pull-down resistor 


25 

175 

! ka 

Cio 

Pin capacitance 

Testfreq = 1MHz, 

Tamb = 25°C 


10 

pF 

IpD 

Power-down current^ 

Vcc = 2 to Vcc max 


50 

pA 
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DC ELECTRICAL CHARACTERISTICS (Continued) 

Tamb = 0°C to -^70°C or -40°C to -h85°C, Vcc = 5V ±10% for 87C751 . Vcc = 5V ±20% for 83C751 . Vss = OV^ 




TEST 

LIMITS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

MAX 

UNIT 

Vpp 

Vpp program voltage (for 87C751 only) 

Vss = OV 

Vcc = 5V±10% 

Tamb = 21°Cto27°C 

12.5 

13.0 

V 

Ipp 

Program current (for 87C751 only) 

Vpp = 13.0V 


50 

mA 

Icc 

Supply current (see Figure 3) 






NOTES: 

1 . Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 

2. Under steady state (non-transient) conditions, Iql must be externally limited as follows: 

Maximum Iql per port pin : 1 0mA (NOTE; This is 85°C spec.) 

Maximum Iql per 8-bit port: 26mA 

Maximum total Iql for all outputs: 67mA 

If Iql exceeds the test condition, Vql may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 

3. Pins of ports 1 and 3 source a transition current when they are being externally driven from 1 to 0. The transition current reaches its 
maximum value when V|n is approximately 2V. 

4. Power-down Ice is measured with all output pins disconnected; port 0 = Vcc; X2, XI n.c.; RST = Vss- 

5. Active Ice is measured with all output pins disconnected; X1 driven with tcLCH. Ichcl = 5ns, V|l = Vss + 0-5V. V|h = Vcc “ O.SV; X2 n.c.; 
RST = port 0 = Vcc- Ice will be slightly higher if a crystal oscillator is used. 

6. Idle Ice is measured with all output pins disconnected; XI driven with tcLCH. foHCL = 5ns, V|l = Vss + 0-5V, V|h = Vcc - 0.5V: X2 n.c.; 
port 0 = Vcc; RST = Vss- 


AC ELECTRICAL CHARACTERISTICS 

Tamb = 0°C to -^70°C or ^0°C to +85°C, Vcc = 5V ±10% for 87C751 , Vcc = 5V ±20% for 83C751 , Vss = OV^- ^ 




12MHz CLOCK 

VARIABLE CLOCK 


SYMBOL 

PARAMETER 

MIN 

MAX 

MIN 

MAX 

UNIT 

1/tcLCL 

Oscillator frequency; 



3.5 

12 

MHz 





3.5 

16 

MHz 





0.5 

12 

MHz 

External Clock (Figure 1) 

tCHCX 

High time 

20 


20 


ns 

foicx 

Low time 

20 


20 


ns 

folCH 

Rise time 


20 


20 

ns 

tCHCL 

Fall time 


20 


20 

ns 


NOTES: 

1 . Parameters are valid over operating temperature range unless othenwise specified. All voltages are with respect to Vss unless otherwise 
noted. 

2. Load capacitance for ports = 80pF. 
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EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has five characters. The H 
first character is always ‘t’ (= time). The other L 
characters, depending on their positions, Q 

indicate the name of a signal or the logical T 

status of that signal. The designations are; V 
C - Clock X 

D - Input data Z 


H - Logic level high 
L - Logic level low 
Q - Output data 
T - Time 
V - Valid 

X - No longer a valid logic level 
Z - Float 




vec -w \ i 

0.45V / 

F 

- 0.2 Vec +0.9 

r 0.2 Vec -0.1 

igure 2. AC Testing input/Output 

)c:i 



MAX ACTIVE Ice 


TYP ACTIVE Ice 


4MHz 8MHz 12MHz 16MHz 
FREQ 


Figure 3. Ice vs. FREQ 

Maximum Ice values taken at Vec max and worst case temperature. 
Typical Ice values taken at Vec = 5.0V and 25°C. 

Notes 5 and 6 refer to DC Electrical Characteristics. 
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PROGRAMMING 

CONSIDERATIONS 

EPROM Characteristics 

The 87C751 is programmed by using a 
modified Quick-Pulse Programming algorithm 
similar to that used for devices such as the 
87C451 and 87C51 . It differs from these 
devices in that a serial data stream is used to 
place the 87C751 in the programming mode. 

Figure 4 shows a block diagram of the 
programming configuration for the 87C751 . 
Port pin P0.2 is used as the programming 
voltage supply input (Vpp signal). Port pin 
P0.1 is used as the program (PGM/) signal. 
This pin is used for the 25 programming 
pulses. 

Port 3 is used as the address input for the 
byte to be programmed and accepts both the 
high and low components of the eleven bit 
address. Multiplexing of these address 
components is performed using the AS EL 
input. The user should drive the ASEL input 
high and then drive port 3 with the high order 
bits of the address. ASEL should remain high 
for at least 13 clock cycles. ASEL may then 
be driven low which latches the high order 
bits of the address internally, the high 
address should remain on port 3 for at least 
two clock cycles after ASEL is driven low. 

Port 3 may then be driven with the low byte of 
the address. The low address will be 
internally stable 13 clock cycles later. The 
address will remain stable provided that the 
low byte placed on port 3 is held stable and 
ASEL is kept low. Note: ASEL needs to be 
pulsed high only to change the high byte of 
the address. 

Port 1 is used as a bidirectional data bus 
during programming and verify operations. 
During programming mode, it accepts the 
byte to be programmed. During verify mode, 
it provides the contents of the EPROM 
location specified by the address which has 
been supplied to Port 3. 

The XTAL1 pin is the oscillator input and 
receives the master system clock. This clock 
should be between 1 .2 and 6MHz. 

The RESET pin is used to accept the serial 
data stream that places the 87C751 into 
various programming modes. This pattern 
consists of a 10-bit code with the LSB sent 
first. Each bit is synchronized to the clock 
input, X1. 

Programming Operation 

Figures 5 and 6 show the timing diagrams for 
the program/verify cycle. RESET should 


initially be held high for at least two machine 
cycles. P0.1 (PGM/) and P0.2 (Vpp) will be at 
VoH as a result of the RESET operation. At 
this point, these pins function as normal 
quasi-bidirectional I/O ports and the 
programming equipment may puli these lines 
low. However, prior to sending the 10-bit code 
on the RESET pin, the programming 
equipment should drive these pins high (Vm). 
The RESET pin may now be used as the 
serial data input for the data stream which 
places the 87C751 in the programming mode. 
Data bits are sampled during the clock high 
time and thus should only change during the 
time that the clock is low. Following 
transmission of the last data bit, the RESET 
pin should be held low. 

Next the address information for the location 
to be programmed is placed on port 3 and 
ASEL is used to perform the address 
multiplexing, as previously described. At this 
time, port 1 functions as an output. 

A high voltage Vpp level is then applied to the 
Vpp input (P0.2). (This sets Port 1 as an input 
port). The data to be programmed into the 
EPROM array is then placed on Port 1. This 
is followed by a series of programming pulses 
applied to the PGM/ pin (P0.1 ). These pulses 
are created by driving P0.1 low and then 
high. This pulse is repeated until a total of 25 
programming pulses have occurred. At the 
conclusion of the last pulse, the PGM/ signal 
should remain high. 

The Vpp signal may now be driven to the Vqh 
level, placing the 87C751 in the verify mode. 
(Port 1 is now used as an output port). After 
four machine cycles (48 clock periods), the 
contents of the addressed location in the 
EPROM array will appear on Port 1 . 

The next programming cycle may now be 
initiated by placing the address information at 
the inputs of the multiplexed buffers, driving 
the Vpp pin to the Vpp voltage level, providing 
the byte to be programmed to Port1 and 
issuing the 26 programming pulses on the 
PGM/ pin, bringing Vpp back down to the Vc 
level and verifying the byte. 

Programming Modes 

The 87C751 has four programming features 
incorporated within its EPROM array. These 
include the USER EPROM for storage of the 
application’s code, a 16-byte encryption key 
array and two security bits. Programming and 
verification of these four elements are 
selected by a combination of the serial data 
stream applied to the RESET pin and the 
voltage levels applied to port pins P0.1 and 


P0.2. The various combinations are shown in 
Table 3. 

Encryption Key Table 

The 87C751 includes a 16-byte EPROM 
array that is programmable by the end user. 
The contents of this array can then be used 
to encrypt the program memory contents 
during a program memory verify operation. 
When a program memory verify operation is 
performed, the contents of the program 
memory location is XNOR’ed with one of the 
bytes in the 1 6-byte encryption table. The 
resulting data pattern is then provided to port 
1 as the verify data. The encryption 
mechanism can be disable, in essence, by 
leaving the bytes in the encryption table in 
their erased state (FFH) since the XNOR 
product of a bit with a logical one will result in 
the original bit. The encryption bytes are 
mapped with the code memory in 16-byte 
groups, the first byte in code memory will be 
encrypted with the first byte in the encryption 
table; the second byte in code memory will be 
encrypted with the second byte in the 
encryption table and so forth up to and 
including the 16the byte. The encryption 
repeats in 16-byte groups; the 17th byte in 
the code memory will be encrypted with the 
first byte in the encryption table, and so forth. 

Security Bits 

Two security bits, security bit 1 and security 
bit 2, are provided to limit access to the 
USER EPROM and encryption key arrays. 
Security bit 1 is the program inhibit bit, and 
once programmed performs the following 
functions: 

1 . Additional programming of the USER 
EPROM is inhibited. 

2. Additional programming of the encryption 
key is inhibited. 

3. Verification of the encryption key is 
inhibited. 

4. Verification of the USER EPROM and the 
security bit levels may still be performed. 

(If the encryption key array is being used, this 
security bit should be programmed by the 
user to prevent unauthorized parties from 
reprogramming the encryption key to all 
logical zero bits. Such programming would 
provide data during a verify cycle that is the 
logical complement of the USER EPROM 
contents). 

Security bit 2, the verify inhibit bit, prevents 
verification of both the USER EPROM array 
and the encryption key arrays. The security 
bit levels may still be verified. 
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Programming and Verifying 
Security Bits 

Security bits are programmed employing the 
same techniques used to program the USER 
EPROM and KEY arrays using serial data 
streams and logic levels on port pins 
indicated in Table 3. When programming 
either security bit, it is not necessary to 
provide address or data information to the 
87C751 on ports 1 and 3. 

Verification occurs in a similar manner using 
the RESET serial stream shown in Table 3. 
Port 3 is not required to be driven and the 
results of the verify operation will appear on 
ports 1.6 and 1.7. 


Ports 1.7 contains the security bit 1 data and 
is a logical one if programmed and a logical 
zero if erased. Likewise, PI. 6 contains the 
security bit 2 data and is a logical one if 
programmed and a logical zero if erased. 

Erasure Characteristics 

Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths in this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 


Table 3. Implementing Program/Verify Modes 


OPERATION 

SERIAL CODE 

P0.1 (PGM/) 

P0.2(Vpp) 

Program user EPROM 

296H 

-* 

Vpp 

Verify user EPROM 

296H 

V|H 

V|H 

Program key EPROM 

292H 

-* 

Vpp 

Verify key EPROM 

292H 

V|H 

V,H 

Program security bit 1 

29AH 

— * 

Vpp 

Program security bit 2 

298H 

-* 

Vpp 

Verify security bits 

29AH 

V,H 

V,H 


NOTE: 

* Pulsed from V|h to V|l and returned to V|h. 


erasure. For this and secondary effects, it 
is recommended that an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Flourless 
part number 2345-5 or equivalent. 

The recommended erasure procedure is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
15W-s/cm2. Exposing the EPROM to an 
ultraviolet lamp of 1 2,000p.W/cm^ rating for 
20 to 39 minutes, at a distance of about 
1 inch, should be sufficient. 

Erasure leaves the array in an all 1 s state. 


EPROM PROGRAMMING AND VERIFICATION 

Tamb = 21“C to -r27°C, Vcc = 5V ±10%, Vss = OV 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

1/fCLCL 

Oscillator/clock frequency 

1.2 

6 

MHz 

Iavgl* 

Address setup to P0.1 (PROG-) low 

lOjlS -1- 24tcLCL 



tcHAX 

Address hold after P0.1 (PROG-) high 

48tcLCL 



toVGL 

Data setup to P0.1 (PROG-) low 

38tcLCL 



toVGL 

Data setup to P0.1 (PROG-) low 

38tcLCL 



tCHDX 

Data hold after P0.1 (PROG-) high 

36tcLCL 



tsHGL 

Vpp setup to P0.1 (PROG-) low 

10 


FS 

tCHSL 

Vpp hold after P0.1 (PROG-) 

10 


Fs 

tGLGH 

P0.1 (PROG-) width 

90 

110 

Fs 

Wqv** 

Vpp low (Vcc) to data valid 


48tcLCL 


tCHGL 

P0.1 (PROG-) high to P0.1 (PROG-) low 

10 


^s 

tSYNL 

PO.O (sync pulse) low 

4tcLCL 



tSYNH 

PO.O (sync pulse) high 

8tcLCL 



^MASEL 

ASEL high time 

'l3tcLCL 



Imahld 

Address hold time 

2tCLCL 



Ihaset 

Address setup to ASEL 

'l3tcLCL 



tADSTA 

Low address to valid data 


48tcLCL 



NOTES: 

* Address should be valid at least 24tcLCL before the rising edge of P0.2 (Vpp). 

** For a pure verify mode, i.e., no program mode in between, tAvav is 14tcLCL maximum. 
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AO-AIO- 
ADDRESS STROBE - 


PROGRAMMING 

PULSES 


VppA^lH VOLTAGE 
SOURCE 


CLK SOURCE 


RESET 

CONTROL 

LOGIC 


P3.0-P3.7 

Vcc 

PO.O/ASEL 

Vss 

P0.1 


P0.2 


XTA1_1 


RESET 



a 


Figure 4. Programming Configuration 
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Purchase of Philips’ I^C components conveys a license under the 

Philips’ i^C patent to use the components in the I^C-system 

provided the system conforms to the I^C specifications defined by Philips. 
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8XC752 OVERVIEW 

The Signetics 83C752/87C752 is a 
single-chip control oriented microcontroller 
fabricated with Philips Semiconductors 
high-density CMOS technology minimizing 
CMOS latch-up sensitivity. Being a member 
of the 80C51 family, the 83C752 has a 
powerful instruction set, and has the same 
basic architecture as the 80C51 . The 83C752 
is essentially the popular industry-standard 
83C751 with the inclusion of a five-channel 
multiplexed 8-bit ADC and a PWM output. 

The 83C752 contains a 2k x 8 masked ROM, 
64 bytes of RAM, 21 I/O lines, a 16-bit 
auto-reload timer/counter, a fixed-rate timer, a 
seven-source fixed-priority interrupt structure, 
a bidirectional Inter-Integrated Circuit (I^C) 
serial bus interface, and an on-chip oscillator. 
This device also includes a five-channel 
multiplexed 8-bit ADC and a PWM output. 

The on-board I^C bus interface allows the 
83C752 to operate as a master or slave 
device on the I^C small area network. This 
capability facilitates I/O and RAM expansion, 
access to EEPROM, processor-to-processor 
communications, and efficient interface to a 
wide variety of dedicated I^C peripherals. 

The EPROM version of this device, the 
87C752. is also available in both quartz-lid 
erasable and plastic one-time programmable 
(OTP) packages. Once the array has been 
programmed, it is functionally equivalent to 
the masked ROM 83C752. Thus, unless 
explicitly stated othenA/ise, all references 
made to the 83C752 apply equally to the 
87C752. 

The 83C752 supports two power reduction 
modes of operation referred to as the idle 
mode and the power-down mode. 

Differences from the 80C51 

Instruction Set 

The instruction set of the 83C752 is identical 
to the 80C51 except that: 

MOVX, LCALL, and LJMP are not 
implemented. 

If these instructions are executed, the 
appropriate number of instruction cycles will 
take place along with external fetches; 


however, no operation will take place. The 
LJMP may not respond to all program 
address bits. 

Memory Organization 
The 83C752 manipulates operands in three 
memory address spaces. The first is the 
program memory space which contains 
program Instructions as well as constants 
such as look-up tables. The program memory 
space contains 2k bytes in the 83C752. 

The second memory space Is the data 
memory array which has a logical address 
space of 1 28 bytes. However, only the first 64 
(0 to 3FH) are implemented in the 83C752. 

The third memory space is the special 
function register array having a 128-byte 
address space (80H to FFH). Only selected 
locations in this memory space are used (see 
Table 1). Note that the architecture of these 
memory spaces (internal program memory, 
internal data memory, and special function 
registers) is identical to the 80C51 , and the 
83C752 varies only In the amount of memory 
physically implemented. 

The 83C752 does not directly address any 
external data or program memory spaces. 

For this reason, the MOVX instructions in the 
80C51 instruction set are not implemented in 
the 83C752, nor are the alternate I/O pin 
functions RTJ and WR. 

I/O Ports 

The I/O pins provided by the 83C752 consist 
of port 0, port 1 , and port 3. 

Porto 

Port 0 is a 5-bit bidirectional I/O port and 
includes alternate functions on some pins of 
this port. Pins P0.3 and P0.4 are provided 
with Internal pullups while the remaining pins 
(PO.O, P0.1 , and P0.2) have open drain 
output structures. The alternate functions for 
port 0 are: 

PO.O SCL - the I^C bus clock 
P0.1 SDA - the I^C bus data 
P0.4 PWM - the PWM output 

If the alternate functions, I^C and PWM, are 
not being used, then friese pins may be used 
as I/O ports. 


Port 1 

Port 1 is an 8-blt bidirectional I/O port whose 
structure is identical to the 80C51 , but also 
includes alternate input functions on all pins. 
The alternate pin functions for port 1 are: 

PI .0-PI .4 - ADC0-ADC4 - A/D converter 
analog inputs 

PI .5 INTO - external interrupt 0 input 
PI. 6 IKTTT - external interrupt 1 input 
PI .7 - TO - timer 0 external input 

If the alternate functions lNt(5, TNTT. or TO 
are not being used, these pins may be used 
as standard I/O ports, provided that the A/D 
is disabled. It is necessary to connect AVcc 
and AVss to Vcc and Vss, respectively. In 
order to use these pins as standard I/O pins. 
When the A/D converter is enabled, the 
analog channel connected to the A/D may not 
be used as a digital input; however, the 
remaining analog inputs may be used as 
digital Inputs. They may not be used as digital 
outputs. While the A/D is enabled, the analog 
inputs are floating. 

Port 3 

Port 3 is an 8-bit bidirectional I/O port whose 
structure is identical to the 80C51 . Note that 
the alternate functions associated with port 3 
of the 80C51 have been moved to port 1 of 
the 83C752 (as applicable). See Figure 1 for 
port bit configurations. 

PWM Outputs 

The single PWM output is an alternate 
function assigned to P0.4 and can be used to 
output pulses of programmable length and 
interval. The repetition frequency Is defined 
by an 8-bit prescaler which generates the 
clock for the counter. This prescaler is 
contained in the PWMP register. 

The 8-bit counter counts from 0 to 254 
Inclusive. The value of the 8-bit counter is 
compared to the contents of the compare 
register, PWM. When the content’s value 
matches that of the PWCM register, the 
PWCM output is set high. When the counter 
reaches zero, the PWM output is set low. The 
pulse width ratio (duty cycle) is defined by the 
contents of the compare register and is in the 
range of 0 to 1 , programmed in increments of 
1/255. 
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Table 1. 8XC752 Special Function Registers 


SYMBOL 

DESCRIPTION 

DIRECT 

ADDRESS 

BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 

MSB LSB 

RESET 

VALUE 

ACC* 

Accumulator 

EOH 

riT- 

E6 

E5 

E4 

E3 

E2 

El 

EO 

OOR 

ADAT# 

A/D result 

84H 

1 

OOR 

ADCON*# 

A/D control 

AOH 

- 

- 

ENADC 

ADCI 

ADCS 

AADR2 

AADR1 

AADRO 

COR 

B* 

B register 

FOR 

F7 

F6 

F5 

F4 

F3 

F2 

FI 

FO 

OOR 

DPTR; 

Data pointer 












(2 bytes) 











DPL 

Data pointer low 

82R 









OOR 

DPR 

Data pointer high 

83R 









OOR 




DF 

DE 

DD 

DC 

DB 

DA 

D9 

D8 


|2CFG*# 

|2C configuration 

D8R/RD 

SLAVEN 

MASTRQ 

0 

TIRUN 

- 

- 

CT1 

CTO 

OOOOxxOOB 



WR 

SLAVEN 

MASTRQ 

CLRTI 

TIRUN 

- 

- 

CT1 

CTO 





9F 

9E 

9D 

9C 

9B 

9A 

99 

98 


|2CON*# 

I^C control 

98R/RD 

RDAT 

ATN 

DRDY 

ARL 

STR 

STP 

MASTER 

_ 

81R 



WR 

CXA 

IDLE 

CDR 

CARL 

CSTR 

CSTP 

XSTR 

XSTP 


|2DAT*# 

|2C data 

99H/RD 

RDAT 

0 

0 

0 

0 

0 

0 

0 

80R 



WR 

XDAT 

X 

X 

X 

X 

X 

X 

X 





pp 

FE 

FD 

FC 

FB 

FA 

F9 

F8 


|2STA*# 

|2C status 

F8H 

- 

IDLE 

XDATA 

XACTV 

MAKSTR 

MAKSTP 

XSTR 

XSTP 

xOIOOOOOB 




AF 

AE 

AD 

AC 

AB 

AA 

A9 

A8 


IE*# 

Interrupt enable 

A8R 

EA 

EAD 

ETI 

ES 

EPWM 

EX1 

ETO 

EXO 

OOR 




- 

- 

- 

84 

83 

82 

81 

80 

XXX11111B 

PO*# 

Porto 

80R 

- 

- 

- 

PWMO 

- 

- 

SDA 

SCL 





97 

96 

95 

94 

93 

92 

91 

90 

FFR 

PI*# 

Port 1 

90R 

TO 

TNTT 

INTO 1 

ADC4 1 

ADC3 

ADC2 

ADCI 1 

ADCO 


P3* 

Ports 

BOR 

B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 

FFR 

PCON# 

Power control 

87R 



- 


_ 

- 

PD 1 

IDL 

xxxxOOOOB 




D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 


PSW* 

Program status word 

DOR 

CY 1 

AC 1 

troj 

RSI 1 

RSO 1 

ov 1 


P 

OOR 

PWCM# 

PWM compare 

8ER 


xxxxxxxxB 

PWENA# 

PWM enable 

FER 

- 


- 





PWE 

FER 

PWMP# 

PWM prescaler 

8FR 









OOR 

RTL# 

Timer low reload 

8BR 









OOR 

RTH# 

Timer high reload 

SDR 









OOR 

SP 

Stack pointer 

81R 









07H 

TL# 

Timer low 

8AH 









OOR 

TH# 

Timer high 

SCR 









OOR 




8F 

8E 

8D 

8C 

8B 

8A 

89 

88 


ICON*# 

Timer control 

88H 

GATE 

C/T 


1 

lEO 

ITO 

IE1 

IT1 

OOR 


* SFRs are bit addressable. 

# SFRs are modified from or added to the 80C51 SFRs. 
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Alternate 

Output 

Function 


Alternate Input 
Function 



Figure 1. Port Bit Latches and I/O Buffers 


The PWM output can be set continuously 
high by loading the compare register with 
OOH and continuously low by loading the 
compare register with FFH. The PWM output 
is enabled by setting the PWE bit In the PWM 
enable register, PWENA. When enabled, the 
output is driven with a fully active strong 
pullup. When disabled, the pin behaves as a 
normal bidirectional I/O pin. When disabled, 
the counter remains active. The PWM 
function is disabled by a reset condition. The 
PWM output is high during power-down and 
idle modes and the counter is disabled. 

The repetition frequency is given by; 


510 x(1 + PWMP) 

An oscillator frequency of 12MHz results In a 
repetition range of 92H2 to 23.5kHz. 

The low/high ratio of the PWM output Is 
PWM/(255 - PWM) for PWM values except 
255. A PWM value of 255 results in a low 
PWM output. 

If enabled, a PWM interrupt will occur when 
the PWM counter overflows. 

In order for the PWM output to be used as a 
standard I/O pin, the PWM function needs to 
be disabled. The PWM counter can still be 
used as an internal timer by enabling the 
PWM interrupt. 

A/D Converter 

The 83C752 contains a five-channel 
multiplexed 8-bit A/D converter. The 
conversion requires 40 machine cycles (40ps 
at 12MHz oscillator frequency). 

The A/D converter is controlled by the A/D 
control register, ADCON. Input channels are 
selected by the analog multiplexer by bits 
ADCON.O through ADCON.2. The ADCON 
register is not bit addressable. 


ADCON Register 


MSB tSB 

X I X |enadc|apci|adcs|aadr2]aadri|aadro| 


ADCi 

0 

0 

1 


1 


ADCS Operation 

0 ADC not busy, a conversion 
can be started. 

1 ADC busy, start of a new 
conversion is blocked. 

0 Conversion completed, start 
of a new conversion is 
blocked. 

1 Not possible. 


INPUT CHANNEL SELECTION | 

ADDR2 

ADDR1 

ADDRO 

INPUT 

PIN 

0 

0 

0 

P1.0 

0 

0 

1 

P1.1 

0 

1 

0 

P1.2 

0 

1 

1 

PI. 3 

1 

0 

0 

PI. 4 


Position Symbol 
ADCON.5 ENADC 


ADCON.4 ADCI 


ADCON.3 ADCS 


Function 

Enable A/D function 
when ENADC = 1. 
Reset forces 
ENADC = 0. 

ADC interrupt flag. 
This flag Is set when 
an ADC conversion Is 
complete. If IE.6 = 1, 
an interrupt Is 
requested when 
ADCI = 1. The ADCI 
flag is cleared when 
conversion data is 
read. This flag is read 
only. 

ADC start. Setting this 
bit starts an A/D 
conversion. Once set, 


ADCS remains high 
throughout the 
conversion cycle. On 
completion of the 
conversion, It is reset 
just before the ADCI 
interrupt flag is 
cleared. ADCS cannot 
be reset by software. 
ADCS should not be 
used to monitor the 
A/D converter status. 
ADCI should be used 
for this purpose. 

ADCON.2 AADR2 Analog input select. 
ADCON. 1 AADR1 Analog Input select. 
ADCON.O AADRO Analog Input select. 

This binary coded 
address selects one of 
the five analog input 
port pins of PI to be 
input to the converter. 

It can only be changed 
when ADCI and ADCS 
are both low. AADR2 is 
the most significant bit. 

The completion of the 8-bit ADC conversion 
is flagged by ADCI In the ADCON register, 
and the result is stored In the special function 
register ADAT. 

An ADC conversion In progress is unaffected 
by an ADC start. The result of a completed 
conversion remains unaffected provided 
ADCI remains at a logic 1 . While ADCS is a 
logic 1 or ADCI is a logic 1 , a new ADC 
START will be blocked and consequently lost. 
An ADC conversion in progress is aborted 
when the idle or power-down mode is 
entered. The result of a completed 
conversion (ADCI = logic 1) remains 
unaffected when entering the Idle mode. See 
Figure 2 for an A/D Input equivalent circuit. 
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Rm = 0.5 - 3 kohms 
CS + CC = 15pF maximum 

RS = Recxjmmended < 9.6 kohms for 1 LSB @ 12MHz 

NOTE; 

Because the analog to digital converter has a sampled-data comparator, the input looks capacitive to a source. When a conversion is 
initiated, switch Sm closes for 8tcy (8ps @ 1 2MHz crystal frequency) during which time capacitance Cs + Cc is charged. It should be 
noted that the sampling causes the analog input to present a varying load to an analog source. 

Figure 2. A/D Input: Equivalent Circuit 


The analog input pins ADC0-ADC4 may be 
used as digital inputs and outputs when the 
A/D converter is disabled by a 0 in the 
ENADC bit in ADCON. When the A/D is 
enabled, the analog input channel that is 
selected by the ADDR2-ADDR0 bits in 
ADCON cannot be used as a digital input. 
Reading the selected A/D channel as a digital 
input will always return a 1 . The unselected 
A/D inputs may always be used as digital 
inputs. Unselected analog inputs will be 
floating and may not be used as digital 
outputs. 

Counter/Timer 

The 8XC752 counter/timer is designated 
Timer 0 and is separate from Timer I of the 
I^C serial port and from the PWM. Its 
operation is similar to mode 2 of the 80C51 
counter/timer, extended to 16 bits. When 
Timer 0 is used in the external counter mode, 
the TO input (PI .7) is sampled every S4P1 . 
The counter/timer function is controlled using 
the timer control register (TCON). 

TCON Register 

MSB LSB 

[gate I C/T I TF I TR I lEO I ITO | IE1 | IT1 | 


Position Symbol Function 


TCON.7 

GATE 

1 - Timer 0 is enabled 
only when INTO pin is 
high and TR is 1 . 

0 - Timer 0 is enabled 
only when TR is 1 . 

TCON.6 

C/T 

1 - Counter operation 
from TO pin. 

0 - Timer operation from 
internal clock. 

TCON.5 

TF 

1 - Set on overflow of TO. 

0 - Cleared when 

processor vectors to 
interrupt routine and 
by reset. 

TCON.4 

TR 

1 - Enable timer 0 

0 - Disable timer 0 

TCON.3 

lEO 

1 - Edge detected on 

INTO 

TCON.2 

ITO 

1 - INTO is edge 
triggered. 

0 - INTO is level 
sensitive. 

TCON.1 

IE1 

1 - Edge detected on 

INTI 

TCON.O 

IT1 

1 - INTI is edge 
triggered. 

0 ™ INTI is level 
sensitive. 


These flags are functionally identical to the 
corresponding 80C51 flags except that there 
Is only one of the 80C51 style timers, and the 
flags are combined into one register. 

Note that the positions of the lEO/ITO and 
IE1/IT1 bits are transposed from the positions 
used in the standard 80C51 TCON register. 

A communications watchdog timer. Timer I, is 
described in the I^C section. In I^C 
applications, this timer is dedicated to time 
generation and bus monitoring for the I^C. In 
non-I^C applications, it is available for use as 
a fixed time base. 

The 16-bit timer/counter’s operation is similar 
to mode 2 operation on the 80C51, but is 
extended to 1 6 bits. The timer/counter is 
clocked by either 1/1 2 the oscillator 
frequency or by transitions on the TO pin. The 
C/T pin in special function register TCON 
selects between these two modes. When the 
TCON TR bit is set, the timer/counter is 
enabled. Register pair TR and TL are 
incremented by the clock source. When the 
register pair overflows, the register pair is 
reloaded with the values in registers RTH and 
RTL. The value in the reload registers is left 
unchanged. The TF bit in special function 
register TCON is set on counter overflow 
and, if the interrupt is enabled, will generate 
an interrupt (see Figure 16). 
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I^C Serial I/O 

The I^C bus uses two wires (SDA and SCL) 
to transfer information between devices 
connected to the bus. The main technical 
features of the bus are: 

• Bidirectional data transfer between masters 
and slaves 

• Serial addressing of slaves 

• Acknowledgment after each transferred 
byte 

• Multimaster bus 

• Arbitration between simultaneously 
transmitting master without corruption of 
serial data on bus 

A large family of I^C compatible ICs is 
available. See the I^C section for more details 
on the bus and available ICs. 

The 83C752 I^C subsystem includes 
hardware to simplify the software required to 
drive the I^C bus. This circuitry is the same 
as that on the 83C751 . (See the 83C751 
section for a detailed discussion of this 
subsystem). 

Interrupts 

The interrupt structure is a seven-source, 
one-level interrupt system similar to the 
8XC751 . The interrupt sources are listed 
below in their order of polling sequence 
priority (highest to lowest): 


Priority 

Source 

Function 

Highest 

INTO 

External interrupt 0 


TFO 

Timer flag 0 


INTI 

External interrupt 1 


PWM 

PWM counter overflow 


Tl 

I^C timer overflow 


SIO 

Serial port interrupt 

Lowest 

ADC 

A/D conversion 
complete 


The vector addresses are as follows: 

Source Vector Address 
INTO 0003H 

TFO OOOBH 

INTI 001 3H 

TIMER I 001 BH 

SIO 0023H 

ADC 002BH 

PWM 0033H 

Interrupt Control Registers 

The 80C51 interrupt enable register is 
modified to take into account the different 
interrupt sources of the 8XC752. 


Interrupt Enable Register 


MSB 


LSB 


EAd| ETI I ES 

1 EPWm| EXI 1 ETO 1 EXO 

Position Symbol 

Function 

IE.7 

EA 

Global interrupt 
disable when EA = 0 

IE.6 

EAD 

A/D conversion 
complete 

IE.5 

ETI 

Timer 1 

IE.4 

ES 

I^C serial port 

IE.3 

EPWM 

PWM counter 
overflow 

IE.2 

EX1 

External interrupt 1 

IE.1 

ETO 

Timer 0 overflow 

lE.O 

EXO 

External interrupt 0 


Power-Down and Idle Modes 
The 8XC752 includes the 80C51 power-down 
and idle mode features. The functions that 
continue to run while in the idle mode are 
Timer 0, the I^C interface including Timer I, 
and the interrupts. Upon powering-up the 
circuit, or exiting from idle mode, sufficient 
time must be allowed for stabilization of the 
internal analog reference voltages before an 
/VD conversion is started. 


Special Function Registers 
The special function registers (directly 
addressable only) contain all of the 8XC751 
registers except the program counter and the 
four register banks. Most of the 21 special 
function registers are used to control the 
on-chip peripheral hardware. Other registers 
include arithmetic registers (ACC, B, PSW), 
stack pointer (SP) and data pointer registers 
(DPH, DPL). Nine of the SFRs are bit 
addressable. 

Data Pointer 

The data pointer (DPTR) consists of a high 
byte (DPH) and a low byte (DPL). In the 
80C51 this register allows the access of 
external data memory using the MOVX 
instruction. Since the 83C752 does not 
support MOVX or external memory accesses, 
this register is generally used as a 1 6-bit 
offset pointer of the accumulator in a MOVC 
instruction. DPTR may also be manipulated 
as two independent 8-bit registers. 
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CMOS single-chip 8-bit microcontroller with A/D, PWM 

FEATURES 

• Available in erasable quartz lid or 
One-Time Programmable plastic packages 

• 80C51 based architecture 


DESCRIPTION 

The Philips 83C752/87C752 offers many of 
the advantages of the 80C51 architecture in a 
small package and at low cost. 


PIN CONFIGURATION 


The 8XC752 Microcontroller is fabricated with 
Philips high-density CMOS technology. 

Philips epitaxial substrate minimizes CMOS 
latch-up sensitivity. 

The 8XC752 contains a 2k x 8 ROM 
(83C752) EPROM (87C752), a 64 x 8 RAM, 
21 I/O lines, a 1 6-bit auto-reload 
counter/timer, a fixed-priority level interrupt 
structure, a bidirectional inter-integrated 
circuit (I^C) serial bus interface, an on-chip 
oscillator, a five channel multiplexed 8-bit A/D 
converter, and an 8-bit PWM output. 

The onboard inter-integrated circuit (I^C) bus 
interface allows the 8XC752 to operate as a 
master or slave device on the I^C small area 
network. This capability facilitates I/O and 
RAM expansion, access to EEPROM, 
processor-to-processor communication, and 
efficient interface to a wide variety of 
dedicated I^C peripherals. 



• Inter-integrated Circuit (I^C) serial bus 
interface 

• Small package sizes 

- 28-pin DIP 

- 28-pin PLCC 

• Wide oscillator frequency range 

• Low power consumption: 

- Normal operation: less than 11mA @ 5V, 
12MHz 

- Idle mode 

- Power-down mode 

• 2k X 8 ROM (83C752) 

EPROM (87C752) 

• 64 X 8 RAM 

• 16-bit auto reloadable counter/timer 

• 5-channel 8-bit A/D converter 

• 8-bit PWM output/timer 

• Fixed-rate timer 

• Boolean processor 

• CMOS and TTL compatible 

• Well suited for logic replacement, 
consumer and industrial applications 


PART NUMBER SELECTION 









P3.4/A4 |T 




iJvcc 


P3.3/A3 |T 




^ P3.5/A5 

P3.2/A2/A10 |T 




^ P3.6/A6 

P3.1/A1/A9 [T 




^ P3.7/A7 

P3.0/A0/A8 [F 




^ P0.4/PWMOUT 

pazn/pp [F 




^ P0.3 

pai/SDA/ FT 
OE-PGM 1— 


CERAMIC 

AND 

^ P1.7/T0/D7 

pao/sciy [T 
ASEL 1— 


PLASTIC 

DUAL 

21 1 P1.6/INTT/D6 


RST jT 


IN-UNE 

PACKAGE 

^ P1.5/IN7D/D5 


X2 




iU AVcc 


XI [n 




3 AVss 


VssOl 




^ P1.4/ADC4/D4 

Pl.0/ADC0/D0[n 




ii] P1.3/ADC3/D3 

P1.1/ADC1/D1 (l4 




^ P1.2/ADC2/D2 



4 

1 

26 




u. 

n 

XL, 



5 c 


o 


□ 25 




PLASTIC 

LEADED 





CHIP 




11 c 


CARRIER 

□ 19 







"TT 


TT 




12 


18 


Pin 

Function 



Pin 

Function 

1 

P3.4/A4 



15 

P1.2/ADC2/D2 

2 

P3.3/A3 



16 

P1.3/ADC3/D3 

3 

P3.2/A2/A10 


17 

P1.4/ADC4/D4 

4 

P3.1/A1/A9 


18 

AVss 

5 

P3.0/A0/A8 


19 

AVcc 

6 

P0.2A/pp 



20 

pi.5/nTnj/D5 

7 

P0.1/SDA/OE-PGM 

21 

P1.6/1NTT/D6 

8 

P0.0/SCLyASEL 

22 

P1.7/T0/D7 

9 

RST 



23 

P0.3 

10 

X2 



24 

P0.4/PWM OUT 

11 

XI 



25 

P3.7/A7 

12 

Vss 



26 

P3.6/A6 

13 

P1.0/ADC0/D0 

27 

P3.5/A5 

14 

P1.1/ADC1/D1 

28 

Vcc 


ROM 

EPROM 

TEMPERATURE RANGE oC 

AND PACKAGE 

FREQUENCY 

DRAWING 

NUMBER 


S87C752-1F28 

0 to +70, 28-pin Ceramic Dual In-line Package, UV 

3.5 to 12MHz 

0589B 


S87C752-2F28 

-40 to +85, 28-pln Ceramic Dual In-line Package, UV 

3.5 to 12MHz 

0589B 


S87C752-4F28 

0 to +70, 28-pin Ceramic Dual In-line Package. UV 

3.5 to 16MH2 

0589B 


S87C752-5F28 

-40 to +85, 28-pin Ceramic Dual In-line Package, UV 

3.5 to 16MHz 

0589B 



0 to +70, 28-pin Plastic Dual In-line Package, OTP 

3.5 to 12MHz 

041 3B 

S83C752-2N28 

S87C752-2N28 

-40 to +85, 28-pin Plastic Dual In-line Package, OTP 

3.5 to 12MHz 

0413B 

S83C752^N28 

S87C752^N28 

0 to +70, 28-pin Plastic Dual In-line Package, OTP 

3.5 to 16MHz 

0413B 

S83C752-5N28 

S87C752-6N28 

-40 to +85, 28-pin Plastic Dual In-line Package, OTP 

3.5 to 16MHz 

0413B 

S83C752-1A28 

S87C752-1A28 

0 to +70, 28-pin Plastic Leaded Chip Carrier, OTP 

3.5 to 12MHz 

040 IF 

S83C752-2A28 

S87C752-2A28 

-40 to +85, 28-pin Plastic Leaded Chip Carrier, OTP 


040 IF 

S83C752-4A28 

S87C752^A28 

0 to +70, 28-pin Plastic Leaded Chip Carrier, OTP 


0401 F 

S83C752-5A28 

S87C752-5A28 

-40 to +85, 28-pin Plastic Leaded Chip Carrier, OTP 

3.5 to 16MHz 

beesq^h 

S83C752-6A28 

S87C752-6A28 

-55 to +125, 28-pin Plastic Leaded Chip Carrier, OTP 

3.5 to 12MHz 



S87C752-6F28 

-55 to +125, 28-pin Ceramic Dual In-line Package, UV 

3.5 to 12MHz 

0589B 

S83C752-6N28 

S87C752-6N28 

-55 to +125, 28-pin Plastic Dual In-line Package, OTP 

3.5 to 12MHz 

0413B 


NOTES: 

1 . OTP = One Time Programmable EPROM. UV = UV Erasable EPROM. 
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BLOCK DIAGRAM 


RAM ADDR 

DC/^ICTCD 


RAM 1 

KtUlo 1 cK 

1 ^ 




PROGRAM 
ADDRESS I 
REGISTER 


PCON 

I2DAT 

I2CFG 

I2CON 

I2STA 

IE 

TCON 


THO 

TLO 



RTH 

RTL 


INTERRUPT, SERIAL 

PORT AND TIMER BLOCKS 


TIMING I ft Hi I 
AND I 3 £ I 

control! E o 



L_||^|_J AVcc 
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PIN DESCRIPTION 


MNEMONIC 

PIN NO. 

TYPE 

NAME AND FUNCTION 

Vss 

12 

1 

Circuit Ground Potential. 

Vcc 

28 

1 

Supply voltage during normal, idle, and power-down operation. 

P0.Q-P0.4 

8-6 

23,24 

I/O 

Port 0: Port 0 is a 5-bit bidirectional port. Port 0.0-P0.2 are open drain. Port 0.0-P0.2 pins that have 

1 s written to them float, and in that state can be used as high-impedance inputs. P0.3-P0.4 are 
bidirectional I/O port pins with internal pull-ups. Port 0 also serves as the serial I^C interface. When this 
feature is activated by software, SCL and SDA are driven low in accordance with the I^C protocol. 

These pins are driven low if the port register bit Is written with a 0 or if the I^C subsystem presents a 0. 
The state of the pin can always be read from the port register by the program. Port 0.3 and 0.4 have 
internal pull-ups that function identically to port 3. Pins that have 1 s written to them are pulled high by 
the internal pull-ups and can be used as inputs. 

To comply with the I^C spedfication, PO.O and P0.1 are open drain bidirectional I/O pins with the 
electrical characteristics listed in the tables that follow. While these differ from “standard TTL" 
characteristics, they are close enough for the pins to still be used as general-purpose I/O in non-I^C 
applications. 


6 

1 

Vpp (P0.2) - Programming voltage input. 


7 

1 

OE/PGM (P0.1) - Input which specifies verify mode (output enable) or the program mode. 

OE/PGM = 1 output enabled (verify mode). 

OE/PGM = 0 program mode. 


8 

1 

ASEL (PO.O) - Input which indicates which bits of the EPROM address are applied to port 3. 

ASEL = 0 low address byte available on port 3. 

ASEL = 1 high address byte available on port 3 (only the three least significant bits are used). 

P1.0-P1.7 

13-17, 

20-22 

I/O 

Port 1: Port 1 Is an 8-bit bidirectional I/O port with internal pull-ups. Port 1 pins that have Is written to 
them are pulled high by the internal pull-ups and can be used as inputs. P0.3-P0.4 pins are 
bidirectional I/O port pins with internal pull-ups. As inputs, port 1 pins that are externally pulled low will 
source current because of the internal pull-ups. (See DC Electrical Characteristics: 1 |l). Port 1 also 
serves the special function features of the SC80C51 family as listed below: 


20 

1 

INTO (PI .5): External interrupt. 


21 

1 

TNTT (P1.6): External interrupt. 


22 

1 

TO (PI .7): Timer 0 external input. 


13-17 

1 

ADCO (P1.0)-ADC4 (PI .4): Port 1 also functions as the inputs to the five channel multiplexed A/D 
converter. These pins can be used as outputs only if the A/D function has been disabled. These pins 
can be used as inputs while the A/D converter is enabled. 

Port 1 serves to output the addressed EPROM contents in the verify mode and accepts as inputs the 
value to program into the selected address during the program mode. 

P3.0-P3.7 

5-1. 

27-25 

I/O 

Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have Is written to 
them are pulled high by the internal pull-ups and can be used as Inputs. As inputs, port 3 pins that are 
externally being pulled low will source current because of the pull-ups. (See DC Electrical 

Characteristics: Ijl). Port 3 also functions as the address input for the EPROM memory location to be 
programmed (or verified). The 11 -bit address is multiplexed into this port as specified by PO.O/ASEL. 

RST 

9 

1 

Reset: A high on this pin for two machine cycles while the oscillator is running resets the device. An 
internal diffused resistor to Vss permits a power-on RESET using only an external capacitor to Vqc. 

After the device is reset, a 10-bit serial sequence, sent LSB first, applied to RESET, places the device 
in the programming state allowing programming address, data and Vpp to be applied for programming 
or verification purposes. The RESET serial sequence must be synchronized with the XI input. 

XI 

11 

1 

Crystal 1 : Input to the inverting oscillator amplifier and input to the internal clock generator circuits. XI 
also serves as the clock to strobe in a serial bit stream into RESET to place the device in the 
programming state. 

X2 

10 

o 

Crystal 2: Output from the inverting oscillator amplifier. 

AVcc 

19 

1 

Analog supply voltage and reference input. 

AVcc 

18 

1 

Analog supply and reference ground. 
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OSCILLATOR 

CHARACTERISTICS 

X1 and X2 are the input and output, 
respectively, of an inverting amplifier which 
can be configured for use as an on-chip 
oscillator. 

To drive the device from an external clock 
source, XI should be driven while X2 is left 
unconnected. There are no requirements on 
the duty cycle of the external clock signal, 
because the input to the internal clock 
circuitry is through a dIvide-by-two flip-flop. 
However, minimum and maximum high and 
low times specified in the data sheet must be 
observed. 

IDLE MODE 

In idle mode, the CPU puts Itself to sleep 
while all of the on-chip peripherals except the 
A/D and PWM stay active. The instruction to 
invoke the idle mode is the last instruction 
executed in the normal operating mode 
before the idle mode is activated. The CPU 
contents, the on-chip RAM, and all of the 
special function registers remain intact during 
this mode. The idle mode can be terminated 
either by any enabled interrupt (at which time 
the process is picked up at the interrupt 
service routine and continued), or by a 
hardware reset which starts the processor in 
the same manner as a power-on reset. 

POWER-DOWN MODE 

In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down Is the last instruction executed. 
Only the contents of the on-chip RAM are 
preserved. A hardware reset is the only way 
to terminate the power-down mode. The 
control bits for the reduced power modes are 
in the special function register PCON. 


Table 1. External Pin Status 
During Idle and Power-Down 
Modes 


MODE 

Port 0* 

Port 1 

Port 2 

Idle 

Power-down 

Data 

Data 

Data 

Data 

Data 

Data 


* Except for PWM output (P0.4). 


DIFFERENCES BETWEEN THE 
8XC752 AND THE 80C51 

Program Memory 

On the 8XC752, program memory is 2048 
bytes long and is not externally expandable, 
so the 80C51 instructions MOVX, LJMP, and 
LCALL are not Implemented. The only fixed 
locations in program memory are the 
addresses at which execution is taken up in 
response to reset and interrupts, which are 
as follows: 

Program Memory 
Event Address 

Reset 000 

External INTO 003 

Counter/timer 0 OOB 

External INTT 013 

Timer I 01 B 

|2C serial 023 

ADC 02B 

PWM 033 

Counter/Timer Subsystem 

The 8XC752 has one counter/timer called 
timer/counter 0. Its operation is similar to 
mode 2 operation on the 80C51 , but is 
extended to 16 bits with 16 bits of autoload. 
The controls for this counter are centralized 
in a single register called TCON. 

A watchdog timer, called Timer I, is for use 
with the I^C subsystem. In I^C applications, 
this timer is dedicated to time-generation and 
bus monitoring of the I^C. In non-I^C 
applications, it is available for use as a fixed 
time-base. 

Interrupt Subsystem — Fixed 
Priority 

The IP register and the 2-level interrupt 
system of the SC80C51 are eliminated. 
Simultaneous interrupt conditions are 
resolved by a single-level, fixed priority as 
follows: 

Highest priority: Pin INTO 

Counter/timer flag 0 

Pin INTI 

PWM 

Timer I 

Serial |2C 

Lowest priority: ADC 


Serial Communications 

The 8XC752 contains an I^C serial 
communications port Instead of the 80C51 
UART. The I^C serial port is a single bit 
hardware interface with all of the hardware 
necessary to support multimaster and slave 
operations. Also included are receiver digital 
filters and timer (timer I) for communication 
watch-dog purposes. The I^C serial port is 
controlled through four special function 
registers; I^C control, I^C data, I^C status, 
and I^C configuration. 

Pulse Width Modulation Output 
(P0.4) 

The PWM outputs pulses of programmable 
length and interval. The repetition frequency 
is defined by an 8-bit prescaler which 
generates the clock for the counter. The 
prescaler register is PWMP. The prescaler 
and counter are not associated with any other 
timer. The 8-bit counter counts modulo 255, 
that is from 0 to 254 inclusive. The value of 
the 8-bit counter is compared to the contents 
of a compare register, PWM. When the 
counter value matches the contents of this 
register, the output of the PWM is set high. 
When the counter reaches zero, the output of 
the PWM is set low. The pulse width ratio 
(duty cycle) is defined by the contents of the 
compare register and is in the range of 0 to 1 
programmed in increments of 1/255. The 
PWM output can be set to be continuously 
high by loading the compare register with 0 
and the output can be set to be continuously 
low by loading the compare register with 255. 
The PWM output is enabled by a bit in a 
special function register, PWENA. When 
enabled, the pin output is driven with a fully 
active pull-up. That is, when the output is 
high, a strong pull-up is continuously applied, 
when disabled, the pin functions as a normal 
bidirectional I/O pin, however, the counter 
remains active. 

The PWM function is disabled during RESET 
and remains disabled after reset is removed 
until re-enabled by software. The PWM 
output is high during power down and idle. 
The counter is disabled during idle. The 
repetition frequency of the PWM is given by: 

fpwM = fosc/2(1 -hPWMP)255 
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The low/high ratio of the PWM signal is PWM 
/ (255 - PWM) for PWM not equal to 255. For 
PWM = 255, the output is always low. 

The repetition frequency range is 92Hz to 
23.5kHz for an oscillator frequency of 1 2MH2. 

An interrupt will be asserted upon PWM 
counter overflow if the interrupt is not masked 
off. 

The PWM output is an alternative function of 
P0.4. In order to use this port as a 
bidirectional I/O port, the PWM output must 
be disabled by clearing the enable/disable bit 
in PWENA. In this case, the PWM subsystem 


can be used as an interval timer by enabling 
the PWM interrupt. 

A/D Converter 

The analog input circuitry consists of a 
5-input analog multiplexer and an A to D 
converter with 8-bit resolution. The 
conversion takes 40 machine cycles, i.e., 
40^s at 12MHz oscillator frequency. The A/D 
converter is controlled using the ADCON 
control register. Input channels are selected 
by the analog multiplexer through ADCON 
register bits 0-2. 


Special Function Register 
Addresses 

Special function registers for the 8XC752 are 
identical to those of the SC80C51 , except for 
the changes listed below: 

SC80C51 special function registers not 
present in the 8XC752 are TMOD (89), P2 
(AO) and IP (B8). The SC80C51 registers 
TH1 , TL1 , SCON, and SBUF are replaced 
with the 8XC752 registers RTH, RTL, I2CON. 
and I2DAT, respectively. Additional special 
function registers are I2CFG (D8) and I2STA 
(FB), ADCON (AO), ADAT (84), PWM (8E), 
PWMP (8F), and PWENA (FE). See Table 2. 


Table 2. I^C Special Function Register Addresses 


REGISTER ADDRESS 

BIT ADDRESS 

NAME 

SYMBOL 

ADDRESS 

MSB LSB 

I^C control 

I2CON 

98 

9F 

9E 

9D 

9C 

9B 

9A 

99 

98 

|2C data 

I2DAT 

99 

- 

- 

- 

- 

- 

- 

- 

- 

I^C configuration 

I2CFG 

D8 

DF 

DE 

DD 

DC 

DB 

DA 

D9 

D8 

I^C status 

I2STA 

F8 

FF 

FE 

FD 

FC 

FB 

FA 

F9 

F8 


ABSOLUTE MAXIMUM RATINGS'' 3’ 


PARAMETER 

RATING 

UNIT 

Storage temperature range 

-65 to +150 

°C 

Voltage from Vcc to Vss 

-0.5 to +6.5 

V 

Voltage from any pin to Vss (except Vpp) 

—0.5 to Vcc + 0-5 

V 

Power dissipation 

1.0 

w 

Voltage from Vpp pin to Vss 

-0.5 to + 13.0 

V 
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DC ELECTRICAL CHARACTERISTICS 

Tamb = 0°C to +70°C or -40°C to +85°C. AVcc = 5V ±5, AVss = OV^ 
83C752: Vcc = 5V ± 20%. 87C752; Vcc = 5V ± 10%. VSS = OV 




TEST 

UMITS* 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TypicaP 

MAX 

UNIT 

Icc 

Supply current (see Figure 3) 






1 Inputs 1 

V,L 

Input low voltage, except SDA, SCL 

(0 to 70C) 

-0.5 


0.2Vcc-0.1 

V 



(-40 to +85C) 

-0.5 


0.2Vcc-0.15 

V 

V,H 

Input high voltage, except XI, RST 

(0 to 70C) 

0.2VCC+0.9 


Vcc+0.5 

V 



(0.2VCC+1) 

(-40 to -r85C) 


Vcc+0.5 

V 

V,H1 

Input high voltage, XI, RST 

(0 to 70C) 

0.7Vcc 


Vcc+0.5 

V 



(-40 to +85C) 

O.TVcc to .1 


Vcc+0.5 

V 


SDA, SCL, P0.2 






V|L1 

Input low voltage 

(0 to 70C) 

-0.5 


0.3Vcc 

V 



(-40 to -t-85) 

-0.5 


0.3Vcc--0.1 

V 

V,H2 

Input high voltage 

(0 to 70C) 

07Vcc 


Vcc+0.5 

V 



(-40-85) 

0.7Vcc+0-1 


Vcc+0-5 


1 Outputs 1 


Output low voltage, ports 1, 3, 0.3, and 0.4 






VoL 

(PWM disabled) 

Iql = 1 .6mA^ 




V 

VoLI 

Output low voltage, port 0.2 

Iql = 3.2mA^ 




V 


Output high voltage, ports 1, 3, 0.3, and 0.4 






VOH 

(PWM disabled) 

Iqh = -60pA, 

2.4 



V 



loH == -25pA 

0.75Vcc 



V 



loH = -10pA 

0-9Vcc 



V 



loH = ^OOpA 

2.4 



V 

VoH2 

Output high voltage. P0.4 (PWM enabled) 

Iqh = -40pA 

0.9Vcc 

HH 


V 


Port 0.0 and 0.1 (I^C) - Drivers 



■II^H 



VoL 2 

Output low voltage 

Iql = 3mA 
(over Vcc range) 



0.4 

V 


Driver, receiver combined: 






C 

Capacitance 




10 

pF 

llL 

Logical 0 input current. 

V|N = 0.45V (0 to 70C) 



-50 

pA 


ports 1 , 3, 0.3, and 0.4 (PWM disabled)^^ 

ViN = 0.45V (0 to +85C) 



-75 

pA 

Itl 

Logical 1 to 0 transition current, 

V|N = 2V (0 to 70C) 



-650 

pA 


ports 1 , 3, 0.3 and 0.4^^ 

V,N = 2V (^0 to +85C) 



-750 

pA 

Ili 

Input leakage current, port 0.0, 0.1 and 0.2 

0.45 <V,N< Vcc 



±10 

pA 

Rrst 

Reset pull-down resistor 


25 


175 

ka 

Cio 

Pin capacitance 

Test freq = 1 MHz, 



10 

pF 



Tamb = 25X 





•pD 

Power-down current® 

Vcc = 2 to 5.5V 

Vcc = 2 to 6.0V 



50 

pA 



(83C752) 





Vpp 

Vpp program voltage (87C752 only) 

Vss = 0V 

12.5 


13.0 

V 



Vcc = 5V±10% 

Tamb = 21°Cto27°C 


■ 



Ipp 

Program current (87C752 only) 

Vpp = 13.0V 



50 

mA 

1 Analog Inputs (A/D guaranteed only with quartz window covered). | 

AVcc 

Analog supply voltage^® 

AVcc = Vcc±0-2V 

4.5 


5.5 

V 

Alec 

Analog operating supply current 

AVcc = 5-1 2V 



39 

mA 1 
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DC ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

LIMITS^ 

UNIT 

MIN 1 TYPICAL^ 1 MAX 

Analog Inputs (Continued) (A/D guaranteed only with quartz window covered). | 

AV,n 

Analog input voltage 


AVss-0.2 


AVcc+0.2 

V 

C|A 

Analog input capacitance 




15 

pF 

Uds 

Sampling time 




8tcY 

s 

fADC 

Conversion time 




40tcY 

s 

R 

Resolution 




8 

bits 

Era 

Relative accuracy 




±1 


OSe 

Zero scale offset 




±1 


Ge 

Full scale gain error 




0.4 

% 

Mctc 

Channel to channel matching 




±1 

LSB 

c, 

Crosstalk 

O-IOOkHz 



-60 

dB 


NOTES: 


1 . Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section 
of this specification is not implied. 

2. Under steady state (non-transient) conditions, Iql must be externally limited as follows: 

Maximum Iql per port pin; 10mA (NOTE: This is 85°C spec.) 

Maximum Iql per 8-bit port: 26mA 

Maximum total Iql for all outputs: 67mA 

If Iql exceeds the test condition, Vql may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 

3. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static 
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maxima. 

4. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise 
noted. 

5. Power-down Ice is measured with all output pins disconnected; port 0 = Veci X2, XI n.c.; RST = Vss- 

6. Ice is measured with all output pins disconnected; XI driven with Iclch. fcHCL = 8ns, V|l = Vss + 0.5V, V|h = Vec - 0.5V; X2 n.c.; 

RST = port 0 = Vec- Icc will be slightly higher if a crystal oscillator is used. 

7. Idle Icc is measured with all output pins disconnected; XI driven with tcLCH. Ichcl = 5ns, Vil = Vss + 0.5V, V|h = Vec - 0.5V; X2 n.c.; 
port 0 = Vec; RST = Vss. 

8. Load capacitance for ports = 80pF. 

9. The resistor ladder network is not disconnected in the power down or idle modes. Thus, to conserve power, the user may remove AVec- 

10. If the A/D function is not required, or if the A/D function is only needed periodically, AVee may be removed without affecting the operation of 
the digital circuitry. Contents of ADCON and ADAT are not guaranteed to be valid. If AVee is removed, the A/D inputs must be lowered to 
less than 0.5V. Digital inputs on PI. 0-PI. 4 will not function normally. 

1 1 . These parameters do not apply to PI .0-PI .4 if the A/D function is enabled. 


A/D CONVERTER PARAMETER 
DEFINITIONS 

The following definitions are included to 
clarify some specifications given and do not 
represent a complete set of A/D parameter 
definitions. 

Absolute Accuracy Error 

Absolute accuracy error of a given output is 
the difference between the theoretical analog 
input voltage to produce a given output and 
the actual analog input voltage required to 
produce the same code. Since the same 
output code is produced by a band of input 
voltages, the “required input voltage” is 
defined as the midpoint of the band of input 
voltage that will produce that code. Absolute 
accuracy error not specified with a code is 
the maximum over all codes. 


Nonlinearity 

If a straight line is drawn between the end 
points of the actual converter characteristics 
such that zero offset and full scale errors are 
removed, then non-linearity is the maximum 
deviation of the code transitions of the actual 
characteristics from that of the straight line so 
constructed. This is also referred to as 
relative accuracy and also integral 
non-linearity. 

Differential Non-Linearity 

Differential non-linearity is the maximum 
difference between the actual and ideal code 
widths fo the converter. The code widths are 
the differences expressed in LSB between 
the code transition points, as the input 
voltage is varied through the range for the 
complete set of codes. 


Gain Error 

Gain error is the deviation between the ideal 
and actual analog input voltage required to 
cause the final code transition to a full-scale 
output code after the offset error has been 
removed. This may sometimes be referred to 
as full scale error. 

Offset Error 

Offset error is the difference between the 
actual input voltage that causes the first code 
transition and the ideal value to cause the 
first code transition. This ideal value Is 1/2 
LSB above Vref_. 

Channel to Channel Matching 

Channel to channel matching is the maximum 
difference between the corresponding code 
transitions of the actual characteristics taken 
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from different channels under the same 
temperature, voltage and frequency 
conditions. 

Crosstalk 

Crosstalk is the measured level of a signal at 
the output of the converter resulting from a 
signal applied to one deselected channel. 


Total Error 

Maximum deviation of any step point from a 
line connecting the ideal first transition point 
to the ideal last transition point. 

Relative Accuracy 

Relative accuracy error is the deviation of the 
ADC’s actual code transition points from the 


ideal code transition points on a straight line 
which connects the ideal first code transition 
point and the final code transition point, after 
nulling offset error and gain error, it is 
generally expressed in LSBs or in percent of 
FSR. 


AC ELECTRICAL CHARACTERISTICS 

Tamb = 0°C to +70°C or ^O^C to +85°C, Vcc = 5V ±10% (87C752). Vcc = 5V ±20% (83C752), Vss = OV^’ ® 




12MHz CLOCK 

VARIABLE CLOCK 


SYMBOL 

PARAMETER 

MIN 

MAX 

MIN 

MAX 

UNIT 

1/tCLCL 

Oscillator frequency: 




12 

MHz 






16 

MHz 





0.5 

12 

MHz 

External Clock (Figure 1) 

tCHCX 

High time 

20 


20 


ns 

fCLCX 

Low time 

20 


20 


ns 

tCLCH 

Rise time 


20 


20 

ns 

tCHCL 

Fall time 


20 


20 

ns 


EXPLANATION OF THE AC SYMBOLS 


Each timing symbol has five characters. The 
first character is always ‘t’ (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are; 

C - Clock 
D - Input data 


H - Logic level high 
L - Logic level low 
Q- Output data 
T - Time 
V - Valid 

X - No longer a valid logic level 
Z - Float 



Vcc -0.5 


0.45V 


X 0.2 Vcc +0-9 
0.2 Vcc -0.1 


X 


Figure 2. AC Testing Input/Output 
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FREQ 

Figure 3. Ice vs. FREQ 

Maximum Ice values taken at Vec = 5.5V and worst case temperature. 

Typical Ice values taken at Vee = 5.0V and 25°C. 

Notes 6 and 7 refer to AC Eiectrcial Characteristics. 


PROGRAMMING 

CONSIDERATIONS 

EPROM Characteristics 

The 87C752 is programmed by using a 
modified Quick-Pulse Programming algorithm 
similar to that used for devices such as the 
87C451 and 87C51 . It differs from these 
devices in that a serial data stream is used to 
place the 87C752 in the programming mode. 

Figure 4 shows a block diagram of the 
programming configuration for the 87C752. 
Port pin P0.2 is used as the programming 
voltage supply input (Vpp signal). Port pin 
P0.1 is used as the program (PGM/) signal. 
This pin is used for the 25 programming 
pulses. 

Port 3 is used as the address input for the 
byte to be programmed and accepts both the 
high and low components of the eleven bit 
address. Multiplexing of these address 
components is performed using the ASEL 
input. The user should drive the ASEL input 
high and then drive port 3 with the high order 
bits of the address. ASEL should remain high 
for at least 13 clock cycles. ASEL may then 
be driven low which latches the high order 
bits of the address internally. The high 


address should remain on port 3 for at least 
two clock cycles after ASEL Is driven low. 

Port 3 may then be driven with the low byte of 
the address. The low address will be 
internally stable 13 clock cycles later. The 
address will remain stable provided that the 
low byte placed on port 3 Is held stable and 
ASEL Is kept low. Note: ASEL needs to be 
pulsed high only to change the high byte of 
the address. 

Port 1 is used as a bidirectional data bus 
during programming and verify operations. 
During programming mode, it accepts the 
byte to be programmed. During verify mode, 
it provides the contents of the EPROM 
location specified by the address which has 
been supplied to Port 3. 

The XTAL1 pin is the oscillator input and 
receives the master system clock. This clock 
should be between 1 .2 and 6MHz. 

The RESET pin is used to accept the serial 
data stream that places the 87C752 into 
various programming modes. This pattern 
consists of a 10-bit code with the LSB sent 
first. Each bit Is synchronized to the clock 
input, XI. 


Programming Operation 

Figures 5 and 6 show the timing diagrams for 
the program/verify cycle. RESET should 
Initially be held high for at least two machine 
cycles. P0.1 (PGM/) and P0.2 (Vpp) will be at 
VoH as a result of the RESET operation. At 
this point, these pins function as normal 
quasi-bidirectional I/O ports and the 
programming equipment may pull these lines 
low. However, prior to sending the 10-bit code 
on the RESET pin, the programming 
equipment should drive these pins high (V|h). 
The RESET pin may now be used as the 
serial data Input for the data stream which 
places the 87C752 in the programming mode. 
Data bits are sampled during the clock high 
time and thus should only change during the 
time that the clock is low. Following 
transmission of the last data bit, the RESET 
pin should be held low. 

Next the address information for the location 
to be programmed is placed on port 3 and 
ASEL is used to perform the address 
multiplexing, as previously described. At this 
time, port 1 functions as an output. 
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A high voltage Vpp level is then applied to the 
Vpp input (P0.2). (This sets Port 1 as an input 
port). The data to be programmed into the 
EPROM array is then placed on Port 1 . This 
is followed by a series of programming pulses 
applied to the PGM/ pin (P0.1). These pulses 
are created by driving PO. 1 low and then 
high. This pulse is repeated until a total of 25 
programming pulses have occurred. At the 
conclusion of the last pulse, the PGM/ signal 
should remain high. 

The Vpp signal may now be driven to the Vqh 
level, placing the 87C752 in the verify mode. 
(Port 1 is now used as an output port). After 
four machine cycles (48 clock periods), the 
contents of the addressed location in the 
EPROM array will appear on Port 1. 

The next programming cycle may now be 
initiated by placing the address information at 
the inputs of the multiplexed buffers, driving 
the Vpp pin to the Vpp voltage level, providing 
the byte to be programmed to Port1 and 
issuing the 26 programming pulses on the 
PGM/ pin, bringing Vpp back down to the Vc 
level and verifying the byte. 

Programming Modes 

The 87C752 has four programming features 
incorporated within its EPROM array. These 
include the USER EPROM for storage of the 
application’s code, a 16-byte encryption key 
array and two security bits. Programming and 
verification of these four elements are 
selected by a combination of the serial data 
stream applied to the RESET pin and the 
voltage levels applied to port pins P0.1 and 
P0.2. The various combinations are shown in 
Table 3. 

Encryption Key Table 

The 87C752 includes a 16-byte EPROM 
array that is programmable by the end user. 
The contents of this array can then be used 
to encrypt the program memory contents 
during a program memory verify operation. 
When a program memory verify operation Is 
performed, the contents of the program 


memory location is XNOR’ed with one of the 
bytes in the 16-byte encryption table. The 
resulting data pattern is then provided to port 
1 as the verify data. The encryption 
mechanism can be disable, in essence, by 
leaving the bytes in the encryption table In 
their erased state (FFH) since the XNOR 
product of a bit with a logical one will result in 
the original bit. The encryption bytes are 
mapped with the code memory in 16-byte 
groups, the first byte In code memory will be 
encrypted with the first byte in the encryption 
table; the second byte In code memory will be 
encrypted witii the second byte in the 
encryption table and so forth up to and 
including the 16the byte. The encryption 
repeats in 16-byte groups; the 17th byte in 
the code memory will be encrypted with the 
first byte In the encryption table, and so forth. 

Security Bits 

Two security bits, security bit 1 and security 
bit 2, are provided to limit access to the 
USER EPROM and encryption key arrays. 
Security bit 1 Is the program inhibit bit, and 
once programmed performs the following 
functions: 

1 . Additional programming of the USER 
EPROM Is inhibited. 

2. Additional programming of the encryption 
key Is inhibited. 

3. Verification of the encryption key is 
Inhibited. 

4. Verification of the USER EPROM and the 
security bit levels may still be performed. 

(If the encryption key array is being used, this 
security bit should be programmed by the 
user to prevent unautfiorized parties from 
reprogramming the encryption key to all 
logical zero bits. Such programming would 
provide data during a verify cycle that is the 
logical complement of the USER EPROM 
contents). 

Security bit 2, the verify inhibit bit, prevents 
verification of both the USER EPROM array 


and the encryption key arrays. The security 
bit levels may still be verified. 

Programming and Verifying 
Security Bits 

Security bits are programmed employing the 
same techniques used to program the USER 
EPROM and KEY arrays using serial data 
streams and logic levels on port pins 
indicated in Table 3. When programming 
either security bit, it is not necessary to 
provide address or data information to the 
87C752 on ports 1 and 3. 

Verification occurs in a similar manner using 
the RESET serial stream shown in Table 3. 
Port 3 is not required to be driven and the 
results of the verify operation will appear on 
ports 1 .6 and 1 .7. 

Ports 1 .7 contains the security bit 1 data and 
is a logical one if programmed and a logical 
zero if erased. Likewise, PI. 6 contains the 
security bit 2 data and is a logical one if 
programmed and a logical zero if erased. 

Erasure Characteristics 

Erasure of the EPROM begins to occur when 
the chip is exposed to light with wavelengths 
shorter than approximately 4,000 angstroms. 
Since sunlight and fluorescent lighting have 
wavelengths In this range, exposure to these 
light sources over an extended time (about 1 
week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent 
erasure. For this and secondary effects, it 
is recommended that an opaque label be 
placed over the window. For elevated 
temperature or environments where solvents 
are being used, apply Kapton tape Flourless 
part number 2345-5 or equivalent. 

The recommended erasure procedure Is 
exposure to ultraviolet light (at 2537 
angstroms) to an integrated dose of at least 
ISW-sec/cm^. Exposing the EPROM to an 
ultraviolet lamp of 12,OOOuW/cm^ rating for 
20 to 39 minutes, at a distance of about 1 
inch, should be sufficient. 

Erasure leaves the array in an all 1s state. 


Table 3. implementing Program/Verify Modes 


OPERATION 

SERIAL CODE 

P0.1 (PGM/) 

P0.2(Vpp) 

Program user EPROM 

296H 


Vpp 

Verify user EPROM 

296 H 

V,H 

VlH 

Program key EPROM 

292H 

-* 

Vpp 

Verify key EPROM 

292H 

V,H 

V,H 

Program security bit 1 

29AH 

— * 

Vpp 

Program security bit 2 

298 H 

— * 

Vpp 

Verify security bits 

29AH 

V,H 

VlH 


NOTE: 

* Pulsed from V|h to V|l and returned to V|h. 
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EPROM PROGRAMMING AND VERIFICATION 

Tarrib = 2rC tO +27°C. Vcc = 5V ±10%. Vss = OV 


SYMBOL 

PARAMETER 

MIN 

l/tCLCL 

Oscillator/clock frequency 

1.2 

tAVGL* 

Address setup to P0.1 (PROG-) low 

1 0ps + 24tcLCL 

tGHAX 

Address hold after P0.1 (PROG-) high 

48tcLCL 

tovGL 

Data setup to P0.1 (PROG-) low 

381clcl 

toVGL 

Data setup to P0.1 (PROG-) low 

38tcLCL 

tGHDX 

Data hold after P0.1 (PROG-) high 

361clCL 

fSHGL 

Vpp setup to P0.1 (PROG-) low 

10 

tGHSL 

Vpp hold after P0.1 (PROG-) 

10 

tOLGH 

P0.1 (PROG-) width 

90 

Wqv** 

Vpp low (Vcc) to data valid 


teHGL 

P0.1 (PROG-) high to P0.1 (PROG-) low 

10 

tSYNL 

PO.O (sync pulse) low 

4tcLCL 

fSYNH 

PO.O (sync pulse) high 

8tcLCL 

fwASEL 

ASEL high time 

13tcLCL 

Imahld 

Address hold time 

2tcLCL 


Address setup to ASEL 

13tcLCL 

Udsta 

Low address to address stable 

1 3tcLCL 


NOTES: 

* Address should be valid at least 24tcLCL before the rising edge of P0.2 (Vpp). 

** For a pure verify mode, i.e., no program mode in between, tAvov is 14tcLCL maximum. 


A0-A10 
ADDRESS STROBE 


PROGRAMMING 

PULSES 

VppA/|H VOLTAGE 
SOURCE 

CLK SOURCE 



87C752 

P3.0-P3.7 
P0.0/ASEL 

P0.1 

P0.2 
XTAL1 

RESET 


Vcc 

Vss 


Figure 4. Programming Configuration 
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Purchase of Philips’ I^C components conveys a license under the 

Philips’ Pc patent to use the components in the I^C-system 

provided the system conforms to the I^C specifications defined by Philips. 
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8XC851 OVERVIEW 

The 80C851 and the 83C851 (hereafter 
referred to collectively as the 8XC851 ) are 
EEPROM expanded versions of the 80C51. 
These devices are pin-for-pin compatible with 
the 80C51 with the addition of 256 bytes of 
EEPROM. The addition of the EEPROM 
makes these devices suitable for a variety of 
applications, spedfically control and security 
systems. 

The 8XC851 includes a 4k x 8 ROM. a 
128 X 8 RAM, a 256 x 8 electrically erasable 
programmable read-only memory 
(EEPROM), 32 I/O lines, two 16-bit 
timer/counters, a seven-source, two priority 
level nested interrupt structure, a serial I/O 
port for either full duplex UART or I/O 
expansion, and an on-chip oscillator and 
clock circuit. The 80C851 includes all of the 
83C851 features except the on-board 4k x 8 
ROM. 

The 8XC851 has two software selectable 
modes of reduced activity for further power 
reduction: idle mode and power-down mode. 
Idle mode freezes the CPU while allowing the 
RAM, timers, serial port, and interrupt system 
to continue functioning. Power-down mode 
freezes the oscillator, causing all other chip 
functions to be inoperative while maintaining 
the RAM contents. 


In addition, some spedal security features 
are implemented: 

• ROM code protection: 

Mask-programmable. When Implemented, 
access to the internal ROM is possible only 
when executing internal program memory; 
it is not possible to access the internal 
ROM when executing external program 
memory. 

• EEPROM protection: 

in the security mode (enabled when the 
security bit is set), the contents of the 
EEPROM are protected and, when 
executing external program memory, no 
read or write operation to the EEPROM is 
possible except “Blockerase” (“Blockerase" 
clears all bytes, including the byte 
containing the security bits). 

The 8XC851 features include: 

• 80C51 pin-for-pin compatibility 

• 4kx8ROM 

• 128x8 RAM 

• 256 X 8 EEPROM 

- On-chip voltage multiplier for erase/write 

- 50,000 erase/write cycles per byte 

- 10 years non-volatile data retention 

- Infinite number of read cycles 


• Two 16-bit counter/timers 

• Two external interrupts 

• External memory addressing capability 
> 64k ROM and 64k RAM 

• Low power consumption 

- idle mode 

- Power-down mode 

• ROM code protection 

• EEPROM security mode 

Differences from the 80C51 

Special Function Registers 
The SFRs are identical to those of the 
standard 80C51 with the exception of five 
registers (EADRL, EADRH, EDAT, ECNTRL, 
and ETIM) that have been added to allow 
control of the 256 bytes of EEPROM. Table 1 
is a detailed expansion of the special function 
registers. 

Refer to the 80C851 data sheet for additional 
information. 
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Philips Semiconductors 80C51 -Based 8-Bit Microcontrollers 


80C51 Family Derivatives 


8XC851 overview 


Table 1 . 8XC851 Special Function Registers 


SYMBOL 

DESCRIPTION 

DIRECT 

ADDRESS 

BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION 

MSB LSB 

RESET 

VALUE 

ACC* 

Accumulator 

EOH 

E7 

E6 

E5 

E4 

E3 

E2 

E1 

EO 

OOH 

B* 

B register 

FOH 

F7 

F6 

F5 

F4 

F3 

F2 

FI 

FO 

OOH 




EF 

EE 

ED 

EC 

EB 

EA 

E9 

E8 


DPTR: 

Data pointer 












(2 bytes): 











DPR 

High byte 

83H 









OOH 

DPI 

Low byte 

82H 









OOH 

EADRH# 

E EPROM addr 
reg-high 

F3H 









80H 

EADRL# 

EEPROM addr 
reg-low 

F2H 









OOH 

ECNTRL# 

EEPROM control reg 

F6H 

IFE 

EEINT 

EWP 

_ 

ECNTR 

ECNTR 

ECNTR 

ECNTR 

OOH 







L3 

L2 

LI 

LO 


EDAT# 

EEPROM data 
register 

F4H 









xxH 

ETIM# 

EEPROM timer 
register 

F5H 

BF 

BE 

BD 

BC 

BB 

BA 

B9 

B8 

08H 

IP* 

Interrupt priority 

B8H 

- 

- 


PS 

PT1 

PX1 

PTO 

PXO 

xxxOOOOOB 




AF 

AE 

AD 

AC 

AB 

AA 

A9 

A8 


IE* 

Interrupt enable 

A8H 

EA 

- 


ES 

ET1 

EX1 

ETO 

EXO 

OxxOOOOOB 

PO* 

Porto 

80H 

87 

86 

85 

84 

83 

82 

81 

80 

FFH 

PI* 

Port 1 

90H 

97 

96 

95 

94 

93 

92 

91 

90 

FFH 

P2* 

Port 2 

AOH 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 

FFH 

P3* 

Ports 

BOH 

B7 

B6 

B5 

B4 

B3 

B2 

B1 

BO 

FFH 

PCON 

Power control 

87H 

SMOD 

- 

- 

- 

GF1 

GFO 

PD 

IDL 

OxxxOOOOB 




D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 


PSW* 

Program status word 

DOH 

CY 

AC 

1 

1 

1 RSO 

1 


1 P 

OOH 

SBUF 

Serial data buffer 

99H 

9F 

9E 

9D 

9C 

9B 

9A 

99 

98 

xxxxxxxxB 

SCON* 

Serial port control 

98H 

SMO 

SMI 

SM2 

REN 

1 TB8 

RB8 

Tl 

Rl 

OOH 

SP 

Stack pointer 

81H 









07H 




8F 

8E 

8D 

8C 

8B 

8A 

89 

88 

OOH 

ICON* 

Timer/counter control 

88H 

TF1 1 

TR1 

1 1 

1 

1 

1 

1 ‘EO 

1 ITO 

OOH 






TMOD 

Timer/counter mode 

89H 

GATE 

C/T 

Ml 

MO 

GATE 

C/T 

Ml 

MO 

OOH 

THO 

Timer 0 high byte 

8CH 









OOH 

TH1 

Timer 1 high byte 

8DH 









OOH 

TLO 

Timer 0 low byte 

8AH 









OOH 

TL1 

Timer 1 low byte 

8BH 









OOH 


* SFRs are bit addressable. 

# SFRs are modified from or added to the 80C51 SFRs. 
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Philips Semiconductors Microcontroller Products 


Product specification 


CMOS single-chip 8-bit microcontroiler 
with on-chip EEPROM 


80C851/83C851 


DESCRIPTION 

The Philips 80C851/83C851 is a 
high-performance microcontroller fabricated 
with Philips high-density CMOS technology. 
The80C851/83C851 has the same 
instruction set as the 80C51 . The Philips 
CMOS technology combines the high speed 
and density characteristics of HMOS with the 
low power attributes of CMOS. The Philips 
epitaxial substrate minimizes latch-up 
sensitivity. 

The 80C851/83C851 contains a 4k x 8 ROM 
with mask-programmable ROM code 
protection, a 1 28 X 8 RAM, 256 X 8 
EEPROM. 32 I/O lines, two 16-bit 
counter/timers, a seven-source, five vector, 
two-priority level nested interrupt structure, 
a serial I/O port for either multi-processor 
communications, I/O expansion or full duplex 
UART, and on-chip oscillator and clock 
circuits. 

In addition, the 80C851/83C851 has two 
software selectable modes of power 
reduction — idle mode and power-down 
mode. The idle mode freezes the CPU while 
allowing the RAM, timers, serial port, and 
interrupt system to continue functioning. The 
power-down mode saves the RAM and 
EEPROM contents but freezes the oscillator, 
causing all other chip functions to be 
inoperative. 


FEATURES 

• 80C51 based architecture 

- 4k X 8 ROM 

- 128X8 RAM 

- Two 16-bit counter/timers 

- Full duplex serial channel 

- Boolean processor 

• Non-volatile 256 X 8-bit EEPROM 
(electrically erasable programmable read 
only memory) 

- On-chip voltage multiplier for erase/write 

- 50,000 erase/write cycles per byte 

- 10 years non-volatile data retention 

- Infinite number of read cycles 

- User selectable security mode 

- Block erase capability 

• Mask-programmable ROM code protection 

• Memory addressing capability 

- 64k ROM and 64k RAM 

• Power control modes: 

- Idle mode 

- Power-down mode 

• CMOS and TTL compatible 

• 1.2 to 16MHz 

• Three package styles 

• Three temperature ranges 

• ROM code protection 


LOGiC SYMBOL 
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Philips Semiconductors Microcontroller Products 


CMOS single-chip 8-bit microcontroller 
with on-chip EEPROM 


Product specification 


80C851/83C851 


ORDERING INFORMATION 


PHILIPS 

PART ORDER NUMBER 

PART MARKING 

NORTH AMERICA PHIUPS 

PART ORDER NUMBER 

ROM less 
Version 

ROM Version 

ROMIess 

Version 

ROM Version 

P80C851 FBP 

P83C851 FBP 

S80C851-4N40 

S83C851-4N40 

P80C851 FBA 

P83C851 FBA 

S80C851-4A44 

S83C851-4A44 

P80C851 FBB 

P83C851 FBB 

S80C851-4B44 

S83C851-4B44 

P80C851 FFP 

P83C851 FFP 

S80C851-5N40 

S83C851-5N40 

P80C851 FFA 

P83C851 FFA 

S80C851-5A44 

S83C851-5A44 

P80C851 FFB 

P83C851 FFB 

S80C851-5B44 

S83C851-5B44 

P80C851 FHP 

P83C851 FHP 

S80C851-6N40 

S83C851-6N40 

P80C851 FHA 

P83C851 FHA 

S80C851-6A44 

S83C851-6A44 

P80C851 FHB 

P83C851 FHB 

S80C851-6B44 

S83C851-6B44 


TEMPERATURE RANGE C 
AND PACKAGE 

0 to -1-70, Plastic Dual In-line Package 
0 to +70, Plastic Leaded Chip Carrier 
0 to +70, Plastic Quad Flat Pack 
-40 to +85, Plastic Dual In-line Package 
-40 to +85, Plastic Leaded Chip Carrier 
-40 to +85, Plastic Quad Flat Pack 
-40 to +1 25, Plastic Dual In-line Package 
-40 to +1 25, Plastic Leaded Chip Carrier 
-40 to +1 25, Plastic Quad Flat Pack 


FREQ. 

(MHz) 

DRAWING 

NUMBER 

1.2 to 16 

SOT129 

1.2 to 16 

SOT187 

1.2 to 16 

SOT311 

1.2 to 16 

SOT129 

1.2 to 16 

SOT187 

1.2 to 16 

SOT311 

1.2 to 16 

SOT1 29 

1.2 to 16 

SOT187 

1.2 to 16 

SOT311 


BLOCK DIAGRAM 


FREQUENCY 


REFERENCE 

COUNTERS 

XTAL2 XTAL1 



TO T1 

1 f 1 


OSCILLATOR 

AND 

TIMING 


TWO 16-BIT 


COUNTERS 



EXTERNAL 

INTERRUPTS 


PARALLEL PORTS, 
ADDRESS/DATA BUS 
AND I/O PINS 


PROG SERIAL PORT 
FULL DUPLEX UART 
SYNCHRONOUS SHIFT 


SERIAL IN SERIAL OUT 


SHARED WITH 
PORTS 
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Philips Semiconductors Microcontroller Products 


CMOS single-chip 8-bit microcontroller 
with on-chip EEPROM 


Product specification 


80C851/83C851 


PLASTIC LEADED CHIP 
CARRIER PIN FUNCTIONS 


PLASTIC QUAD FLAT PACK 
PIN FUNCTIONS 




6 

1 

n 

40 

n 




y 

o 



7 

C 




□ 39 




PLCC 



17 

C 




□ 29 



u 

18 


u 

28 


Pin 

Function 


Pin 

Function 

1 

NC 



23 

NC 

2 

P1.0 


24 

P2.0/A8 

3 

PI 

.1 


25 

P2.1/A9 

4 

P1.2 


26 

P2.2/A10 

5 

P1.3 


27 

P2.3/A11 

6 

P1.4 


28 

P2.4/A12 

7 

P1.5 


29 

P2.5/A13 

8 

P1.6 


30 

P2.6/A14 

g 

P1.7 


31 

P2.7/A15 

10 

RST 


32 

P5EN 

11 

P3.0/RXD 


33 

ALE 

12 

NC 



34 

NC 

13 

P3.1/TxD 


35 

EA 

14 

P3.2/1NTO 


36 

P0.7/AD7 

15 

P3.3/1RTT 


37 

P0.6/AD6 

16 

P3.4/T0 


38 

P0.5/AD5 

17 

P3.5/T1 


39 

P0.4/AD4 

18 

P3.6/WFf 


40 

P0.3/AD3 

19 

P3.7/RD 


41 

P0.2/AD2 

20 

XTAL2 


42 

P0.1/AD1 

21 

XTAL1 


43 

PO.O/ADO 

22 

vss 


44 

Vdd 
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Product specification 


CMOS single-chip 8-bit microcontroller 
with on-chip EEPROM 


80C851/83C851 


PIN DESCRIPTION 




PIN NO. 




MNEMONIC 

DIP 

LCC 

QFP 

TYPE 

NAME AND FUNCTION 

Vss 

20 

22 

16. 39 

1 

Ground: OV reference. 

Vdd 

40 

44 

38 

1 

Power Supply: This is the power supply voltage for normal, idle, and power-down 
operation. 

PO.0-0.7 

3^-32 

43-^ 

37-30 

I/O 

Port 0: Port 0 is an open-drain, bidirectional I/O port. Port 0 pins that have Is written to 
them float and can be used as high-impedance inputs. Port 0 is also the multiplexed 
low-order address and data bus during accesses to external program and data memory. 

In this application, it uses strong internal pull-ups when emitting 1 s. 

PI. 0-PI .7 

1-8 

2-9 

40-44, 

1-^ 

I/O 

Port 1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. Port 1 pins that have 

Is written to them are pulled high by the internal pull-ups and can be used as inputs. As 
inputs, port 1 pins that are externally pulled low will source current because of the internal 
pull-ups. (See DC Electrical Characteristics: I|l). 

P2.0-P2.7 

21-28 

24^1 

18-25 

I/O 

Port 2: Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. Port 2 pins that have 

Is written to them are pulled high by the internal pull-ups and can be used as inputs. As 
inputs, port 2 pins that are externally being pulled low will source current because of the 
internal pull-ups. (See DC Electrical Characteristics: I|l). Port 2 emits the high-order 
address byte during fetches from external program memory and during accesses to 
external data memory that use 16-bit addresses (MOVX @DPTR). In this application, it 
uses strong internal pull-ups when emitting Is. During accesses to external data memory 
that use 8-bit addresses (MOV (2>RI), port 2 emits the contents of the P2 special function 
register. 

P3.0-P3.7 

10-17 

11. 

13-19 

5. 

7-13 

I/O 

Port 3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that have 

Is written to them are pulled high by the internal pull-ups and can be used as inputs. As 
inputs, port 3 pins that are externally being pulled low will source current because of the 
pull-ups. (See DC Electrical Characteristics: Iil). Port 3 also serves the special features 
of the SC80C51 family, as listed below: 


10 

11 

5 

1 

RxD (P3.0): Serial input port 


11 

13 

7 

o 

TxD (P3.1): Serial output port 


12 

14 

8 

1 

INTO (P3.2): External interrupt 


13 

15 

9 

1 

INTT (P3.3): External interrupt 


14 

16 

10 

1 

TO (P3.4): Timer 0 external input 


15 

17 

11 

1 

T1 (P3.5): Timer 1 external input 


16 

18 

12 

o 

WR (P3.6): External data memory write strobe 


17 

19 

13 

o 

RD (P3.7): External data memory read strobe 

RST 

9 

10 

4 

1 

Reset: A high on this pin for two machine cycles while the oscillator is running, resets the 
device. An internal diffused resistor to Vss permits a power-on reset using only an 
external capacitor to Voq- 

ALE 

30 

33 

27 

I/O 

Address Latch Enable: Output pulse for latching the low byte of the address during an 
access to external memory. In normal operation, ALE is emitted at a constant rate of 1/6 
the oscillator frequency, and can be used for external timing or clocking. Note that one 

ALE pulse Is skipped during each access to external data memory. 

PSER 

29 

32 

26 

o 

Program Store Enable: The read strobe to external program memory. When the device 
is executing code from the external program memory, PSEN Is activated twice each 
machine cycle, except that two PSEN activations are skipped during each access to 
external data memory. PSEN is not activated during fetches from internal program 
memory. 

FA 

31 

35 

29 

1 

External Access Enable: If during a RESET, FA is heldatTTL, level HIGH, the CPU 
executes out of the internal program memory ROM provided the Program Counter is less 
than 4096. If during a RESET, tA is held a TTL LOW level, the CPU executes out of 
external program memory. FA is not allowed to float. 

XTAL1 

19 

21 

15 

1 

Crystal 1 : Input to the inverting oscillator amplifier and input to the internal dock 
generator drcuits. 

XTAL2 

18 

20 

14 

o 

{Crystal 2: Output from the Inverting oscillator amplifier. 
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Product specification 


CMOS single-chip 8-bit microcontroller 
with on-chip EEPROM 


80C851/83C851 


EEPROM 

Communications between the CPU and the 
EEPROM is accomplished via 5 special 
function registers; 2 address registers (high 
and low byte), 1 data register for read and 
write operations, 1 control register, and 1 
timer register to adapt the erase/write time to 
the clock frequency. All registers can be read 
and written. Figure 1 shows a block diagram 
of the CPU, the EEPROM and the interface. 

Register and Functional 
Description 

Address Register (EADRH, EADRL) 

The lower byte contains the address of one of 
the 256 bytes. The higher byte (EADRH) is 
for future extensions and for addressing the 
security bits (see Security Fadlities). The 


EADRH register address is F3H. The EADRL 
register address is F2H. 

Data Register (EDAT) 

This register is required for read and write 
operations and also for row/block erase. In 
write mode, its contents are written to the 
addressed byte (for “row erase" and “block 
erase" the contents are don’t care). The write 
pulse starts all operations, except read. In 
read mode, EDAT contains the data of the 
addressed byte. The EDAT register address 
is F4H. 

Timer Register (ETIM) 

The timer register is required to adapt the 
erase/write time to the oscillator frequency. 
The user has to ensure that the erase or write 
(program) time is neither too short or too 
long. 


The ETIM register address is F5H. Table 1 
contains the values which must be written to 
the ETIM register by software for various 
oscillator frequencies (the default value is 
OSH after RESET). 

The general formula is: 

2ms Write time: 

Value (decimal, ^xtah [kHz] 
to be rounded up) ” 512 

10ms Write time: 

Value (decimal) = ^xtau JkHz] 

Control Register (ECNTRL) 

See Figure 2 for a description of this register. 
The ECNTRL register address is F6H. 


Table 1 . Values for the Timer Register (ETIM) 


txTALl 

VALUES FOR ETIM | 

2ms WRITE TIME 

10ms WRITE TIME 

HEX 

DEC 

HEX 

DEC 

1.0MHz 

- 

- 

08 

8 

2.0MHz 

02 

2 

13 

19 

3.0MHz 

04 

4 

ID 

29 

4.0MHz 

06 

6 

28 

40 

5.0MHz 

08 

8 

32 

50 

6.0MHz 

OA 

10 

3C 

60 

7.0MHz 

OC 

12 

47 

71 

8.0MHz 

OE 

14 

51 

81 

9.0MHz 

10 

16 

5C 

92 

10.0MHz 

12 

18 

66 

102 

11.0MHz 

14 

20 

71 

113 

12.0MHz 

16 

22 

7B 

123 

13.0MHz 

18 

24 



14.0MHz 

1A 

26 



15.0MHz 

1C 

28 



16.0MHz 

IE 

30 




POWER-DOWN IDLE 


H 


ECNTRL 

TV 


CLOCK 

GENERATOR 


ETIM 

TV 


V 


“N CONTROL 
LOGIC 


COLUMN 



ROW 

DECODER 

V 

rv 

DECODER 


5 



1 

EADRH 

■ 

EADRL 


V 


INTERNAL BUS 


r w 


Figure 1 . EEPROM Interface Block Diagram 
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CMOS single-chip 8-bit microcontroller 
with on-chip EEPROM 


80C851/83C851 


Bit Symbol 

ECNTRL7 IFE 


ECNTRL.6 EEINT 
ECNTRL.5 EWP 

ECNTRL.4 

ECCTRL.3- 

ECNTRLO 


ECNTRL3 ECNTRL2 ECNTRLI ECNTRLO 


Function 

Active high EEPROM interrupt flag: set by the sequencer or by software; reset by software. 
When set and enabled, this flag forces an interrupt to the same vector as the serial port 
interrupt (see Interrupt section). 

EEPROM interrupt ensdble; sat and reset by software (active high). 

Erase/write in progress flag: set and reset by the sequencer (active high). When EWP is set, 
access to the EEPROM is not possible. EWP cannot be set or reset by software. 

Reserved. 

See table below. 


Operation 

ECNTRL.3 

ECNTRL.2 

ECNTRLI 

ECNTRLO 

Byte mode 

0 

0 

0 

0 

Row erase 

1 

1 

0 

0 

Page write* 

- 

- 

- 

- 

Page erase/write* 

- 

— 

— 

— 

block erase 

1 

0 

1 

0 


‘Future products. 

Byte mode: Normal EEPROM mode, default mode after reset. In this mode, data can be read and written to one byte at 
a time. 

Read mode: This is the default mode when byte mode is selected. This means that the contents of the addressed byte 
are available in the data register. 

Write mode: This mode is activated by writing to the data register. The address register must be loaded first. Since the 
old contents are read first (by default), this allows the sequencer to decide whether an erase/Write or write 
cycle only (data « OOH) is required. 

Row erase: In this mode, the addressed row is cleared. The ttiree LSBs of EADRL are not significant, i.e. the 8 bytes 
addressed by EAORL are cleared in the same time normally needed to clear one byte 
(tnowERASE = Ie = tw). For the following write modes, only the write and not the erasa^rite cycle is 
required. For example, using the row erase mode, programming 8 bytes takes tTorcw. = te + 8 X tw 
compared to tioT/u. = 8 X tg + 8 X tw (Ie = tgRASE ’ tw = tARriE)- 
Page write; For future products. 

Page erase/write: For future products 

Block erase: In this mode all 256 bytes are cleared. The byte containing the security bits is also cleared. Ihlockerase - tg. 

The contents of EADRH, EADRL and EDAT are insignificant. 

Program Sequences and Register Contents after Reset 

The contents of the EEPROM registers after a Reset are the default values; 

EADRH « IxxxxxxxB (security bit address) 

EADRL = OOH (securi^ bit address) 

ETIM - OSH (minimum erase time with the lowest permissible oscillator frequency) 

ECNTRL » OOH (Byte mode, read) 

EDAT = xxH (security bit) 

Initialize: MOV ETIM, .. 

MOV EADRH. .. 

Read: MOV EADRL. .. 

MOV ... EDAT 

Write: MOV EADRL. .. 

MOV EDAT. .. 

Erase row: MOV EADRL, .. Row address. 3LSBs doni care 

MOV ECNTRL. #OCH Erase row mode 
MOV EDAT, .. (EDAT) don't care 

Erase block: MOV ECNTRL. OAH Erase block mode 
MOV EDAT... (EDAT) don't care 

If the security bit is to be altered, the program generally starts as follows: 

MOV EADRH. #80H 
MOV EADRL. #00H 


Figure 2. Control Register (ECNTRL) 
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Security Facilities 

EEPROM Protection 

The EEPROM is protected using four security 
bits which are contained in an extra 
EEPROM byte at address 8000H 
(EADRH/EADRL). They can be set or cleared 
by software. To activate the EEPROM 
protection, the program sequence in byte 
mode must be as follows: 

MOV EADRH, #80H 
MOV EADRL.#OOH 
MOV EDAT, #FFH 

If two or more of these bits are reset, SB = 0, 
the security mode is disabled and the 
EEPROM is not protected. If three or four bits 
are set, SB = 1 and the EA mode differs from 
the internal access mode. 

In this case, access to the EEPROM is only 
possible in one mode regardless of how the 
external access mode is reached (by pulling 


the EA pin low or by passing the 4K 
boundary). For SB = 1 and “external access” 
only, the “block erase” mode is enabled. The 
program sequence has to be as follows: 

MOV EADRH, #80H (security byte address) 
MOV EADRL, #00H (security byte address) 
MOV ECNTRL, #0AH (block erase mode) 
MOV EDAT, #xxH (start block erase) 

All 256 data bytes, the security bits, and SB 
will be cleared after completing this mode 
(EWP = 0). SB will also be affected in byte 
mode when writing to the security byte (not 
for SB = 1 and “external access"). Figure 3 
illustrates the access to SB. 

ROM Code Protection 
Since the external access mode can only be 
selected by pulling the EA pin low during 
reset, it is not possible to read the internal 
program memory using the MOVC instruction 
while executing external program memory. 
Furthermore, it is not possible to change this 


mode to internal access within the MOVC 
cycle. 

Additionally, a mask-programmable ROM 
code protection facility Is available. When the 
program memory passes the 4K boundary 
using both the internal and external ROMs, it 
is not possible to access the internal ROM 
from the external program memory if the 
mask-programmable ROM security bit is set. 
An access to the lower 4K bytes of program 
memory using the MOVC instruction is only 
possible while executing internal program 
memory. 

Also the verification mode (test-mode which 
writes the ROM contents to a port for 
comparison with a reference code) is not 
implemented for security reasons. A different 
test-mode is implemented for test purposes. 
This mode allows every bit to be tested. 
However, the internal code cannot be 
accessed via a port. 
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OSCILLATOR 

CHARACTERISTICS 

XTAL1 and XTAL2 are the input and output, 
respectively, of an inverting amplifier. The 
pins can be configured for use as an on-chip 
oscillator, as shown in the logic symbol, 
page 1060. 

To drive the device from an external clock 
source, XTAL1 should be driven while XTAL2 
is left unconnected. There are no 
requirements on the duty cycle of the external 
clock signal, because the input to the internal 
dock circuitry is through a divide-by-two 
flip-flop. However, minimum and maximum 
high and low times spedfied in the data sheet 
must be observed. 

RESET 

A reset is accomplished by holding the RST 
pin high for at least two machine cycles (24 
osdilator periods), while the oscillator is 
running. To insure a good power-up reset, the 
RST pin must be high long enough to allow 
the oscillator time to start up (normally a few 
milliseconds) plus two machine cydes. At 
power-up, the voltage on Vdd and RST must 
come up at the same time for a proper 
start-up. 

Note: Before entering the idle or power-down 
modes, the user has to ensure that there Is 
no EEPROM erase/write cyde in progress 


(i.e., the EWP bit has to be reset before 
activating the idle or power-down modes; 
otherwise EEPROM accesses will be 
aborted). 

IDLE MODE 

In idle mode, the CPU puts itself to sleep 
while all of the on-chip peripherals stay 
active. The instruction to invoke the idle 
mode is the last instruction executed in the 
normal operating mode before the idle mode 
is activated. The CPU contents, the on-chip 
RAM. and ail of the special function registers 
remain intact during tiiis mode. The idle mode 
can be terminated either by any enabled 
interrupt (at which time the process Is picked 
up at the interrupt service routine and 
continued), or by a hardware reset which 
starts the processor in the same manner as a 
power-on reset. 

POWER-DOWN MODE 

In the power-down mode, the oscillator is 
stopped and the instruction to invoke 
power-down is the last instruction executed. 
Only the contents of the on-chip RAM and 
EEPROM are preserved. A hardware reset is 
the only way to terminate the power-down 
mode. The control bits for the reduced power 
modes are In the special function register 
PCON. Table 2 shows the state of the I/O 
ports during low current operating modes. 


INTERRUPT SYSTEM 

External events and the real-time-driven 
on-chip peripherals require service by the 
CPU asynchronous to the execution of any 
particular section of code. To tie the 
asynchronous activities of these functions to 
normal program execution, a multiple-source, 
two-priority-level, nested interrupt system is 
provided. Interrupt response latency is from 
3|ls to 7ps when using a 1 2MHz crystal. The 
^30851 acknowledges interrupt requests 
from 7 sources as follows; 

- INTO and INTI: externally via pins 1 2 and 
13, respectively, 

- Timer 0 and timer 1 : from the two internal 
counters, 

- Serial port; from the internal serial I/O port 
or EEPROM (1 vector). 

Each interrupt vectors to a separate location 
in program memory for its service program. 
Each source can be individually enabled (the 
EEPROM interrupt can only be enabled when 
the serial port interrupt is enabled) or 
disabled and can be programmed to a high or 
low priority level. All enabled sources can 
also be globally disabled or enabled. Both 
external interrupts can be programmed to be 
level-activated and are active low to allow 
“wire-ORing” of several interrupt sources to 
one input pin. 

Note: The serial port and EEPROM Interrupt 
flags must be cleared by software; all other 
flags are cleared by hardware. 


Table 2. External Pin Status During Idle and Power-Down Modes 


MODE 

PROGRAM MEMORY 

ALE 

PSER 

PORTO 

PORT1 


PORT 3 

Idle 

Internal 

1 

1 

Data 

Data 


Data 

Idle 

External 

1 

1 

Float 

Data 

Address 

Data 

Power-down 

Internal 

0 

0 

Data 

Data 

Data 

Data 

Power-down 

External 

0 

0 

Float 

Data 

Data 

Data 


ABSOLUTE MAXIMUM RATINGS^- 2. 3 


PARAMETER 

RATING 

UNIT 

Storage temperature range 

-65 to +150 

°C 

Voltage on any other pin to Vss 

-0.5 to +6.5 

V 

Input or output DC current on any single I/O pin 

±5 

mA 

Power dissipation (based on package heat transfer limitations, 
not device power consumption) 

1.0 

W 


NOTES: 


1 . Stresses above those listed under Absolute Maximum Ratings may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at 
these or any conditions other than those described in the AC and DC Electrical 
Characteristics section of this specification is not implied. 

2. This product includes circuitry specifically designed for the protection of its internal devices 
from the damaging effects of excessive static charge. Nonetheless, it is suggested that 
conventional precautions be taken to avoid applying greater than the rated maxima. 

3. Parameters are valid over operating temperature range unless otherwise specified. All 
voltages are with respect to Vss unless otherwise noted. 


November 25, 1992 


1067 

















Philips Semiconductors Microcontroller Products 


CMOS single-chip 8-bit microcontroller 
with on-chip EEPROM 


Product specification 


80C851/83C851 


DC ELECTRICAL CHARACTERISTICS 

Tamb = O^’C to +70°C (Vdd = 5V ±10%), -40°C to +85°C (VpD = 5V ±10%). or -40*^C to +125*^C (VpD = 5V ±10%). Vss = OV 


PARAMETER 


V|L 

Input low voltage, except EA 

V,L1 

Input low voltage to EA 

V,H 

Input high voltage, except XTAL1 , RST 

V|H1 

Input high voltage. XTAL1, RST 

VoL 

Output low voltage, ports 1 , 2, 3 ® 

V0L1 

Output low voltage, port 0. ALE, PSEN ® 

VOH 

Output high voltage, ports 1,2,3, ALE, PSeN 

VoH 1 

Output high voltage, port 0 in external bus 
mode® 

l|L 

Logical 0 input current, ports 1,2,3 

Itl 

Logical 1-to-O transition current, ports 1, 2, 3 

'Ll 

Input leakage current, port 0, EA 

bo 

Power supply current: 

Active mode @ 16 MHz ^ 

Idle mode @ 16MHz ^ 

Power down mode ^ 

Rrst 

Internal reset pull-down resistor 

Cio 

Pin capacitance 


0 to +70''C 
^0 to +85°C 
-40 to 
-*-125°C 

0 to +70°C 
^0 to +85®C 
-40 to 
+125°C 

0 to +70°C 
^0 to -h85°C 


0 to +70''C 
-40 to +Q5^C 
-40 to 
-r125^C 

0 to +70‘'C 
— 40 to -f-85 C 
-40 to 
-*-125°C 


TEST 

CONDITIONS 




0.2Vdd-0.1 

0.2Vdd-0.15 

0.2VDcr0.25 


0.2VpD-0.3 

0.2Vdd-0.35 

0.2Vpp-0.45 



0.2Vdd+0.9 

0.2Vdd+1.0 

0.2Vdd+1.0 


0.7Vdd 

0.7Vdd+0.1 

0.7Vd+0.1 

Iql = 1 .6mA'* 


loL = 3.2mA4 


loH = -60pA, 
loH = -25pA, 

Ioh = -10|iA 

2.4 

0.75VDD 

0-9Vod 

Iqh = -800pA, 
bh = -300jiA, 
loH = -80pA 

2.4 

0.75Vdd 

0.9Vdd 

V|N = 0.45V 


V,N = 2.0V 


0.45V<Vi<VDD 


See note 7 



50 

f=1MHz 




NOTES: 

1 . The operating supply current is measured with all output pins disconnected; XTAL1 driven with V = tf = 5ns; Vil = Vss +0.5V; 

V|H = VpD - 0.5V; XTAL2 not connected; TA = RST = Port 0 = Vpp. 

2. The idle mode supply current is measured with all output pins disconnected; XTAL1 driven with t^ = tf = 5ns; V|l = Vss +0.5V; 

ViH = Vpp - 0.5V; XTAL2 not connected; EA = Port 0 = Vpp; RST = Vss 

3. The power-down current is measured with all output pins disconnected; XTAL2 not connected; EA = Port 0 = Vpp; RST = XTAL1 = Vss- 

4. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the LOW level output voltage of ALE, Port 
1 and Port 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make a 1-to-O 
transition during bus operations. In the worst cases (capacitive loading > lOOpF), the noise pulse on the ALE line may exceed 0.8V. In such 
cases it may be desireable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schm itt Trigger STROBE input. 

5. Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and PSEN to momentarily fall below the 0.9Vpp 
specification when the address bits are stabilizing. 

6. Under steady state (non-transient) conditions, Iql must be externally limited as follows; 

Maximum Iql per Port pin: 10mA 
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Maximum Iql per 8-bit port - 

Port 0: 26mA 
Ports 1 , 2, and 3: 1 5mA 

Maximum total Iql for all output pins ; 7 1 mA. 

If Iql exceeds the test condition, Vql may exceed the related specification. Pins are not guaranteed to sink current greater than the listed 
test conditions. 

7. See Figures 11 through 14 for Iqd test conditions. 
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AC ELECTRICAL CHARACTERISTICS’ 2 


SYMBOL 

FIGURE 

PARAMETER 

16 MHz CLOCK 

VARIABLE CLOCK 

UNIT 

MIN 

MAX 

MIN 

MAX 

1/tcLCL 

4 

Oscillator frequency 



1.2 

16 

MHz 

tlHLL 

4 

ALE pulse width 

85 


2tcLCL-40 


ns 

Wll 

4 

Address valid to ALE low 

8 


tcLCL“55 



tlLAX 

4 

Address hold after ALE low 

28 


tCLCL-^5 


ns 

tlLIV 

4 

ALE low to valid instruction in 


150 


4tcLCL~1 00 

ns 

tLLPL 

4 

ALE low to PSEN low 

23 


tCLCL-40 


ns 

tpLPH 

4 

PSEN pulse width 

143 


3tcLCL-45 


ns 

tpLIV 

4 

PSEN low to valid instruction in 


83 


3tcLCL-105 

ns 

fpxix 

4 

Input instruction hold after PSEN 

0 


0 


ns 

tpxiz 

4 

Input instruction float after PSEN 


38 


tcLCL-25 

ns 

tAViV 

4 

Address to valid instruction in 


208 


5tcLCL-1 05 

ns 

tpLAZ 

4 

PSEN low to address float 


10 


10 

ns 

Data Memory | 

tRLRH 

5.6 

RD pulse width 

275 


5tCLCL-100 


ns 

fwLWH 

5.6 

WR pulse width 

275 


5fcLCL~1 30 


ns 

tRLDV 

5.6 

RD low to valid data in 


148 


5tcLCL~1 55 

ns 

tRHDX 

5,6 

Data hold after RD 

0 


0 


ns 

tRHDZ 

5,6 

Data float after RD 


55 


2ttLCL-70 

ns 

tLLDV 

5.6 

ALE low to valid data in 


350 


8tcLCL-1 50 

ns 

tAVDV 

5,6 

Address to valid data in 


398 


OtCLCL-l 65 

ns 

^LLWL 

5.6 

ALE low to RD or WR low 

138 

238 

31clcl“50 

3tcLCL+50 

ns 

tAW 

5,6 

Address to RD or WR 

120 


4k)LCL~^ 30 


ns 

tow 

5.6 

Data setup time before WR 

288 


7tcLCL-150 


ns 

Iqvwx 

5,6 

Data valid to WR transition 

3 


tCLCL-60 


ns 

tWHQX 

5.6 

Data hold after WR 

13 


tCLCL-^0 


ns 

tRLAZ 

5.6 

RD low to address float 


0 


0 

ns 

tWHLH 

5.6 

RD or WR high to ALE high 

23 

103 

tcLCL-^0 

tcLCL+40 

ns 

External Clock | 

tCHCX 

8 

High time 

20 


20 


ns 

tCLCX 

8 

Low time 

20 


20 


ns 

tCLCH 

8 

Rise time 


20 


20 

ns 

tCHCL 

8 

Fall time 


20 


20 

ns 

Erase/write timer constant^ | 

tE/W 


Erase/write cycle time 

4 

20 


20 

ms 

tE 


Erase time 

2 

10 

2 

10 

ms 

tw 


Write time 

2 

10 

2 

10 

ms 

ts 


Data retention time'^ 

10 


10 


years 

NE/W 


Erase/write cycles^ 

50,000 


50,000 


cycles 


NOTES: 

1 . Parameters are valid over operating te mperat ure range unless otherwise specified 

2. Load capacitance for port 0, ALE, and PSEN = 1 0OpF, load capacitance for all other outputs = 80pF. 

3. The power-off fall-time of Vqd niust be less than 1ms to prevent an overwrite pulse from being generated in the EEPROM which can cause 
spurious parasitic writing to EEPROM cells. If the Vqd power-off full-time is greater than 1ms, a power-off reset signal should be generated 
to prevent this condition from occurring. 

4. Test condition: Tamb = +55°C. 

5. Number of erase/write cycles for each EEPROM byte. 
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EXPLANATION OF THE 
AC SYMBOLS 

Each timing symbol has five characters. The 
first character is always T (= time). The other 
characters, depending on their positions, 
indicate the name of a signal or the logical 
status of that signal. The designations are: 

A - Address 
C- Clock 
D - Input data 
H - Logic level high 

I - Instruction (program memory contents) 


L - Logic level low, or ALE 
P - ■PSEN 
Q- Output data 
R - PU signal 
t - Time 
V - Valid 
W- WR signal 

X - No longer a valid logic level 
Z - Float 

Examples: tAVLL = T^nie for address valid to 
ALE low. 

tLLPL = Time for ALE low to 
PSEN low. 
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Figure 6. External Data Memory Write Cycle 
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Table 3. External Clock Drive XTAL1 

Oscillator circuitry; The capacities connected to the crystal should be; C1 =C2 = tbf. 



SYMBOL 


tCLCL 

tniGH 


flow 


PARAMETER 


I tcY I C 

NOTE: 

1 . tcY = 1 2 tcLCL' 


Oscillator clock period 


HIGH time 


LOW time 
Rise time 


Fall time 
Cycle time^ 


VARIABLE CLOCK 
f = 1.2 -16MHz 





vlOAD^-IV TIMING - -X VOH-O-IV 

VlOAD C ^ REFERENCE ^ ^ 

VLOAtH>.lV ^ ^ __ ^ X VoL40.iV 

NOTE; 

For timing purposes, a port is no longer floating when a tOOmV change from load voltage occurs, and begins to float when a 1 0OmV change 
from the loaded Voh/Vql l^^el occurs. Iqh^IqL — i 20mA. 

Figure 10. Float Waveform 




(NC) 

XTAL2 


CLOCK SIGNAL > 

XTAL1 


r 

Vss 


4. 

Figure 12. Iqd Test Condition, Idle Mode 
All other pins are disconnected 
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FEATURES 

• 8-bit CPU 

• 6K bytes of user program memory (ROM), no external 
extension 

• 256 bytes of RAM data merrxDry (RAM), no external 
extension 

• 2K bytes EEPROM: 

- EEPROM stores data or program 

- on-chip voltage multiplier for EEPROM 
ERASE/WRITE 

- ERASE/WRITE cycle time independent of the clock 
frequency 

- 10000 ERASE/WRITE cycles per bytes 

- 1 0 years non-volatile data retention 

- infinite number of READ cycles 

- error code correction 

• Calculation unit for cryptographic calculations 

• Security features 

• Power-ON/OFF reset circuit 

• Low frequency detector 

• Two 1 6-bit timers 

• Clock frequency range 1 MHz to 6 MHz; 1 ps cycle 
time with 6 MHz clock frequency 

• Two I/O lines: only one I/O line is used in half-duplex, 
according to the ISO standards for the Smart Card 
applications; full-duplex communication can be 
performed with both I/O lines 

• 5 interrupt sources from: I/O lines; Timer 0; Timer 1 ; 
EEPROM; Calculation unit 

• Power-down and idle mode 

• Two operating modes: test mode and user mode 

• Single 5 volts power supply 

• 6 pins: V^g, 1/01, 1/02, RESET, CLK 


GENERAL DESCRIPTION 

The 83C852 single chip secured microcontroller is 
manufactured in an advanced 1 .2 pCMOS process. It is 
a derivative of the 80C51 microcontroller family and has 
the same instruction set as the 80C51 . It has been 
specially designed for conditional access in secure 
Smart Card applications and is implemented with the 
highest levels of security. 

Its internal calculation unit speeds-up cryptographic 
calculations using Public Key Algorithms. 


Cryptographic calculations 

At fcLK = 6 MHz: X® mod.n is performed in 1 .5 s 
typical, with 512 bit operands. 


External communications can be performed through a 
serial interface (I/O) according to ISO standards. The 
serial interface must be controlled by application 
software for access to the 83C852 internal memory. 

The 83C852 contains a 6K bytes READ only memory 
(user ROM): a 256 bytes READ/WRITE data memory 
(RAM); 2K bytes electrically erasable programmable 
READ only memory (EEPROM); two I/O lines; two 16-bit 
timers; five vectorized interrupt sources; 33 Special 
Function Registers (SFRs) and a Calculation Unit to 
speed-up the execution time of public keys and secret 
keys cryptographic algorithms. 

The 83C852 operates with a single 5 volts power supply 
and at a maximum clock frequency of 6 MHz. The 
instruction set consists of over 100 instructions: 49 
one-byte, 45 two-byte and 17 three-byte. With an input 
clock frequency of 6 MHz, 58% of the instructions are 
executed in 1 ps and 40% in 2 ps. 


QUICK REFERENCE DATA 


SYMBOL 

PARAMETER 

CONDmON 

MIN. 

MAX. 

UNIT 

Vdd 

supply voltage range 


4.5 

5.5 

V 

*DD 

supply current 

fcLK = 3.57 MHz 

- 

10 

mA 

^DD 

supply current: operating modes 

fcLK = 6.0 MHz 

- 

15 

mA 

l|D 

supply current: idle mode 

fcLK = 6.0 MHz 

- 

3 

mA 

Pm 

total power dissipation 


- 

1 

W 

T., 

storage temperature range 


-€5 

150 

°C 

"^amb 

operating ambient temperature range 


0 

70 

°C 
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ORDERING INFORMATION 


EXTENDED TYPE 
NUMBER 


PAD POSITION 

X Y coordinates 


plastic DIL 



POWER-ON/OFF 

RESET 


LOW FREQUENCY 
DETECTOR 


INTERRUPT 

SYSTEM 



6 K BYTES 
PROGRAM 
MEMORY 


256 BYTES 
DATA 
MEMORY 



2 K BYTES 
DATA & 
PROGRAM 
MEMORY 


CALCULATION 

UNIT 


TWO 16-BIT 
TIMERS 


Fig . 1 Block d iag ram . 
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PINNING 


SYMBOL 

PIN 

(PAD) 

DESCRIPTION 

Vdd 

Cl 

4-5 volts power supply pin during 
normal operation, idle mode and 
power-down mode 

RESET 

C2 

active LOW input that initializes the 
processor 

CLK 

C3 

external clock input. The internal 
clock frequency = the external 
clock frequency 

Vss 

C5 

ground 

1/01 

C7 

quasi bi-directional port (TTL 
compatible), the user’s program 
must include routines able to 
handle an asynchronous serial 
communication through a single I/O 
port (for half-duplex) 

1/02 

C8 

quasi bi-directional port (TTL 
compatible) 


I / 0'1 - 
I / 02 - 


-D C5 


Cl D- 


C2 RESET 


-n C7 
-Q C8 


C3 D- 


Fig.2 Pinning diagram. 


ASSIGNMENT OF ISO/83C852 SMART CARD CONTACTS 



1 

j 

CONTACTS 

ISO 

ASSIGNMENTS 

83C852 

ASSIGNMENTS 



Cl 

< 

o 

o 

^DD 



C2 

RESET 

RESET 

C3 

CLK 

CLK 



C4 

reserved 

not connected 



C5 

GND 

Vss 

C6 

Vpp 

not connected 


j C8 1 

1 _J MBA902 

C7 ' 

1 

I/O 

used for 1/01 



C8 

resen/ed 

reserved for 1/02 


contact assignments are specified in part 2 of ISO 7816 

Fig.3 Contact assignments. 
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FUNCTIONAL DESCRIPTION 
General 

The 83C852 is specially designed for secured 
applications such as conditional access and transactions 
in a Smart Card environment. It has a Calculation Unit 
which makes the microcontroller dedicated to 
asymmetric crypto systems. Special Function Registers 
(SFRs) are available to the user to manipulate memory 
transactions and calculation unit operations. 

The address bus of the EEPROM is mixed to prevent 
fraudulent access and optical scanning. The EEPROM 
has an hardware error code correction which guarantees 
the data content integrity.The 83C852 is able to read and 
modify a part of the internal program memory contained 
in EEPROM. 

The 83C852 has two software selectable modes of 
reduced activity for further power reduction, the idle 
mode and power-down mode; 

• the idle mode freezes the CPU while allowing the 
RAM, the timers and the interrupt system to continue 
functioning. 

• the power-down mode saves the RAM content and 
disables all other chip functions. 

The 83C852 has 33 SFRs available for use by the user 
(see Table 23). The functional descriptions and usage of 
the SFRs as they co-relate to the RAM, EEPROM and 
the calculation unit activities, are described within the 
following sections. 

Memory organisation 

The central processing unit (CPU) manipulates operands 
in three memory spaces, (see Fig. 4) these are: 

• 6K-byte internal program memory (ROM) 

• 2K-byte program and data menrory (EEPROM) 

• 256-byte internal data memory (RAM). 

The 256-byte internal RAM memory address space is 
sub-divided into: 

• 128-byte internal data RAM locations 00 to 7FH. This 
address space is accessible with direct and indirect 
addressing 

• 128-byte internal data RAM locations 80H to FFH. 

This address space is accessible with indirect 
addressing only 


• 128-byte Special Function Register (SFR) address 
space 80H to FFH. This address space is parallel to 
the upper 128 byte RAM. It is accessible with direct 
addressing only. 33 SFRs reside inside this area, the 
remaining address space in between is unused. 

EEPROM 

The EEPROM has a capacity of 2K bytes (words) see 
Fig. 5. With its built-in error correction hardware the 
EEPROM is a very reliable non-volatile memory. In 
addition to each single stored data byte, 4 extra "parity" 
bits are stored in EEPROM. Single-bit errors per byte are 
automatically corrected when reading the memory. It can 
be accessed by both CPU and calculation unit (however, 
not at the same time). 

Programming of the EEPROM is completely controlled 
by the EEPROM’s sequencer. The EEPROM can be 
used either both as data memory and program memory 
for the CPU, or as data memory for the calculation unit. 

EEPROM AS DATA memory; 

When the CPU executes opcodes from internal ROM 
(program address < 8000H), the EEPROM can be used 
as a data memory. The communication between CPU 
and EEPROM is performed via 6 SFRs (see Table 1 ), 
these comprise: 

• 2 EEPROM (SFRs) address registers (HIGH and 
LOW address byte) 

• 1 EEPROM (SFR) data register for READ and WRITE 
operations 

• 2 EEPROM (SFRs) control registers to select the 
various operating and test modes 

• 1 EEPROM (SFR) timer register to adapt the 
ERASEAA/RITE time to the operating clock frequency. 

EEPROM AS PROGRAM MEMORY: 

When the program counter is higher than 7FFFH, the 
EEPROM is used as a program memory. The CPU 
fetches opcodes directly from the EEPROM. EADRH. 

contents in this rrwde are irrelevant. 

Reading data from the EEPROM can still be done with 
the MQVC instruction , but EEPROM write operation is 
not possible. The EEPROM can only be written by 
software executed from the ROM area (program address 
< 8000H). 


November 1991 


1078 




Philips Semiconductors Microcontroller Products 


Preliminary specification 


Secured 8-bit microcontroller 


83C852 


EEPROM AS DATA MEMORY FOR THE CALCULATION UNIT. 

Communication between calculation unit and EEPROM 
is performed via SFRs (see Table 1), these comprise: 

• 2 EEPROM SFRs address registers (one HIGH and 
one of two alternate LOW address bytes) 

• calculation unit SFRs. 

The EEPROM data output is directly connected via a 
special bus to the data registers of the calculation unit. 
The calculation unit has direct READ access to the 
EEPROM. 

During memory access, the EEPROM is addressed by 
one of two address pointers EADRL1 or EADRL2. Both 


pointers are loaded by the CPU and decremented by the 
calculation unit’s sequencer. EADRL1 or EADRL2 supply 
the LOW byte (LSB) of the EEPROM address. The HIGH 
byte (MSB) of the EEPROM address is taken directly 
from the EADRH register. The access to the EEPROM 
from the calculation unit, is controlled by the calculation 
unit SFRs. 

When the access to EEPROM by the calculation unit is 
active, the EEPROM is not accessible by the CPU, 
neither as data memory nor as program memory. When 
the calculation unit is operating, but not accessing the 
EEPROM, the CPU can READ, WRITE and EXECUTE 
EEPROM. 



128 BYTES RAM 
INDIRECT ADDRESSING 
80H TO FFH 


DIRECT ADDRESSING 


128 BYTES RAM 
DIRECT & 

INDIRECT ADDRESSING 


2 K BYTES 
DATA + CODE 


DATA MEMORY AREA 


PROGRAM MEMORY AREA 


Fig.4 Memory map. 
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EEPROM SFRs 

Table 1 provides a listing of the EEPROM associated SFRs: 


Table 1 EEPROM SFRs 


NAME 

SFR ADDRESS 

FUNCTION 

The communication between the CPU and the EEPROM is performed via the following SFRs: | 

EADRL1 

0F2H 

address register (LSB) 

EADRH 

0F3H 

address register (MSB) 

EDAT 

0F4H 

data register 

ETIM 

0F5H 

EEPROM timer register 

ECNTRL1 

0F6H 

control register for normal operation modes 

ECNTRL2 

0F7H 

control register for special test modes 

The communication between the calculation unit and the EEPROM is performed via the following SFRs: | 

EADRL2 

0F1H 

address pointer 2: LSB of the EEPROM address 
(WRITE: reload EADRL2 register; READ: read counter) 

EADRL1 

0F2H 

address pointer 1: LSB of the EEPROM address 
(WRITE: reload EADRL1 register; READ: read counter) 

EADRH 

0F3H 

address register (MSB) 

Two address pointers (SFRs) are necessary for EEPROM access by the calculation unit. SFRs EADRH and either 
EADRL1 or EADRL2 


EEPROM SFR descriptions 

EADRH 

EADRH is an 8-bit register (SFR), used as an address 
pointer, it is loaded from the CPU and contains the 
highest byte (MSB) of the EEPROM address. Only bits 
EADRH. 7, 2,1,0 are relevant. Default value after reset 
is TOOOOOOOB’. 

EADRL1, EADRL2 

EADRL1 is an 8-bit register (SFR), used as an address 
pointer, it is loaded from the CPU. Its contents are 
transferred into an 8-bit down counter which provides the 
LOW byte (LSB) of the EEPROM address. The CPU has 
WRITE access to the EADRL1 register and READ 
access to the down counter. 

Default value after reset of both the EADRL1 register 
and associated down counter are OOH. The transfer of 
EADRL1 to the down counter and the decrement are 
controlled by the calculation unit. The behaviour of 
EADRL1 depends on whether or not there is an access 
in progress from the calculation unit to the EEPROM. 

No access from the calculation unit to the EEPROM: 


• when there is no active access to the EEPROM from 
the calculation unit, the contents of the EADRL1 
register are continuously loaded into its associated 
down counter. There is no hardware-decrement of the 
down counter The combination of EADRL1 plus it’s 
down counter behaves therefore as a normal register. 
In this mode, the LOW address byte of the EEPROM 
is always supplied by EADRL1 . EADRL2 behaves 
similar to EADRL1 but it is not used for EEPROM 
addressing. Its contents are irrelevant. 

Calculation unit access to the EEPROM: 

• EADRL1 is the EEPROM LOW address pointer used 
to address an operand (Ai) stored in the EEPROM. At 
the beginning of the calculation unit’s computation 
cycle, the address content of the EADRL1 is loaded 
into it’s associated down counter. During the 
calculation, further EADRL1 address transfers to the 
down counter stop, whilst the down counter is 
decremented by the calculation unit’s sequencer. 
During a calculation, the EADRL1 register can be 
reloaded from the CPU with a new address. This new 
address will then be used during the next calculation. 
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• EADRL2 (SFR) is the second EEPROM LOW 
address pointer which is required for some operations 
of the calculation unit. It is used to address an 
operand (Xi) stored in the EEPROM. The function of 
EADRL2 is similar to EADRL1 function. EADRL2 
cannot be used as a second address register for 
normal CPU access to the EEPROM. 

Data register EDAT 

This register (SFR) is used to read data from the 
currently addressed EEPROM byte. When EDAT is 
written during BYTE MODE, it’s contents will be 
programmed into the addressed EEPROM byte. When 
EDAT is written during ROW ERASE or BLOCK ERASE 
mode, the ROW ERASE or BLOCK ERASE operation is 


started. In this mode, the data written to EDAT is then 
irrelevant. The ECNTRL1 status bits EWP and IFE 
indicate whether the EEPROM ERASEA/VRITE operation 
is still active. Whilst the EEPROM programming is in 
progress, rewriting data to EDAT is not allowed. 

Timer register ETIM 

The ETIM timer register (SFR) is required to adapt the 
ERASEA/VRITE time to the clock frequency. ERASE (tj 
and WRITE (t^,,) times of 5 ms each are required. The 
user has to ensure that the ERASE or WRITE time is 
neither too short nor too long. Table 2 gives values for 
ETIM register for given clock frequencies. ETIM has to 
be loaded by software in advance to the first 
ERASEA/VRITE operation. ETIM’s default value after 
reset is ’08H’. 


Table 2 ETIM timer values 

The general formula is: Value (decimal) =(fcLK kHz/102.4)-2 


OPERATING 
fcLK MHz 

VALUES FOR ETIM 

BINARY 

HEXADECIMAL 

DECIMAL 

MSB 

LSB 

1.0 

0000 

1000 

8 

8 

2.0 

0001 

0010 

12 

18 

3.0 

0001 

1011 

IB 

27 

3.57 

0010 

0001 

21 

33 

4.0 

0010 

0101 

25 

37 

4.92 

0010 

1110 

2E 

46 

5.0 

0010 

1111 

2F 

47 

6.0 

0011 

1001 

39 

57 
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Control register ECNTRL1 

ECNTRL1 is the control register (SFR) for the several user operation modes of the EEPROM. 


Table 3 ECNTRL1 SFR 


IFE 

EEINT 

EWP 

- 

OPERATION MODE SELECT 

7 

6 

5 

4 

3 

2 

1 

0 



BYTE MODE ^ 

0 

0 

0 

0 



ROW ERASE -> 

1 

1 

0 

0 



BLOCK ERASE 

1 

0 

1 

0 



TEST MODE 

1 

1 

1 

1 


Table 4 Description of the ECNTRL1 bits 


SYMBOL / PARAMETER 

FUNCTION 

ECNTRL1.7 

IFE, interrupt flag EEPROM 

set by the EEPROM sequencer after completion of an EEPROM WRITE access, or 
set and reset by software. When (IFE is set 1 and EEINT is set 1), an interrupt 
request is done. Interrupt vector 0023H will be forced if the bits EAand EE inside 
the interrupt Enable Register IE are also set 1 . 

ECNTRL1 .6 

EEINT, enable EEPROM 
interrupt 

set and reset by software. Enables an EEPROM interrupt request when HIGH. 

ECNTRL1.5 

EWP, ERASE/WRITE in 
progress 



set and reset by the EEPROM sequencer. EWP is active HIGH during EEPROM 
write operations. Consecutive write operations to EDAT are not allowed as long as 
EWP is set. EWP cannot be set or reset by software. 

ECNTRL1.4 I 


reserved. | 

ECNTRL1 bits3, 2, 1,0 | 

operation mode select: 

BYTE MODE (0000) 

normal EEPROM mode, default nrxjde after reset. In this mode READ or WRITE 
access to one byte at a time is possible. 

READ mode 

This is the default mode when BYTE MODE is selected. The contents of the 
addressed byte are available in the data register EDAT. 

WRITE mode 

This mode is activated after loading of the data register EDAT with the data byte to 
be written. Before writing EDAT, the address registers EADRL1 and EADRH must 
be loaded first. Depending on the previous contents of the addressed memory 
cells, the EEPROM sequencer decides whether to do a WRITE cycle (t J, or a 
combined ERASEAA/RITE cycle (t^ + t^). A WRITE cycle is carried out when the 
previous memory content has been OOH. Otherwise an ERASE/WRITE cycle is 
carried out. 
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SYMBOL / PARAMETER 

FUNCTION 

operation mode select: 

ROW ERASE (1100) 

in this mode the contents of the addressed memory row will be erased. The three 
LSB’s of EADRL1 are not significant, i.e. 8 bytes addressed by EADRL1 will be 
cleared in the same time normally needed to clear one single byte (tpovv erase = U- 
The ROW ERASE operation can be started by writing the EDAT register. The data 
that is written to EDAT is not significant. Writing of the erased 8 memory cells then 
takes only 8 WRITE cycles. This is much faster than writing 8 data bytes without a 
previous ROW ERASE. Such an operation would have taken a total = 8 t^ + 8 1^. 

operation mode select: 

BLOCK ERASE (1010) 

in this mode all memory cells of the EEPROM will be cleared. The BLOCK ERASE 
operation can be started by writing EDAT. The contents of the data and address 
registers EDAT, EADRL1, EADRH are don’t care. 

operation mode select: 

TEST MODE (1111) 

the selection of a specific EEPROM TEST MODE within the ECNTRL2 register is 
only possible when the ECNTRL1 register is switched in advance to TEST MODE. 


Control register ECNTRL2 

ECNTRL2 is the control register (SFR) for the several test modes of the EEPROM. 


Tables ECNTRL2 SFR 



READ 

ONLY 


READ/WRITE 

SP3 

SP2 

SP1 

SPO 

TM3 

TM2 

TM1 

TMO 

7 

6 

5 

4 

3 

2 

1 

0 



NO TEST ^ 

0 

0 

0 

0 

READ EEPROM WITHOUT ERRORCORRECTION 

1 

0 

1 

1 


Table 6 Description of the ECNTRL2 bits 


SYMBOL / PARAMETER 

FUNCTION 1 

ECNTRL2 bits 7, 6, 5, 4 

SP3, SP2, SP1, SPO 

this part of the ECNTRL2 register is READ only. The upper 4 bits of ECNTRL2 
carry either the syndrome word which is generated by the EEPROM error 
correction logic or the parity bits stored in parallel to the data word in EEPROM 
memory. The syndrome word is always output during BYTE MODE READ 
(EWP = 0). A value of ’OOOOB’ means that no error has been detected/corrected. 
The parity bits are output during READ EEPROM WITHOUT 

ERRORCORRECTION TESTMODE or while EWP = 1 . 

ECNTRL2 bits 3,2, 1,0 

TM3, TM2. TM1,TM0 

this part of ECNTRL2 register is READ/WRITE. The lower 4 bits of ECNTRL2 are 
used to select one of the EEPROM test-modes. The selection of any test-mode is 
only possible ifECNTRLI has been set to ’XXXX1 111 B’ before. Otherwise TM3, 
TM2, TM1, TMO are held at ’OOOOB’. 
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MBA 7-12 

CONTROL DATA ADDRESS 

INTERFACE INTERFACE INTERFACE 


Fig.5 EEPROM Interface. 
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RAM 

The RAM has a capacity of 256 bytes. It can be 
accessed by both CPU and calculation unit (however, not 
at the same time). The CPU has full READ and WRITE 
access to the RAM only when the calculation unit is not 
operating. 

When the calculation unit is operating, it reads and writes 
data from/to the RAM via a separate channel. In order to 
avoid possible access conflicts, the CPU cannot read or 
write the RAM at this time. This condition places some 
restrictions to the operations of the CPU: 

• no subroutine calls possible while calculation unit is 
active 

• register operations (e.g. MOV A,RO) are not possible 

• stack pointer operations (PUSH, POP) are not 
possible 

• interrupt requests are not granted while the 
calculation unit is active. 

In the RAM address space, only the SFRs can be read 
and written by the CPU whilst the calculation unit is 
active. 

RAM address pointers 

The calculation unit uses 4 RAM pointers to address the 
RAM during it’s direct memory access: AlPR, XIPR, 
AOPR and APR. 

Address pointers AIPR, XIPR, AOPR 

AlPR and XIPR pointers address the operand fields Ai 
resp. Xi inside RAM, while AOPR addresses a RAM area 
Ao where the calculation result is to be stored. Each 
pointer consists of an 8-bit register with associated 8-bit 
down counter. The counter provides a RAM address. It is 
parallel loaded from it’s register. 

The CPU has WRITE access to the registers and READ 
access to the counters. Default values after reset for all 
registers and counters are OOH. The data transfer from 
the registers to their down counters and the counter 
decrement are controlled by the calculation unit. 


Address pointer APR 

This is an 8-bit up counter which is used to address the 

A[3-0] operand field in RAM. It can be read and written 

by the CPU. Default value after reset is OOH. APR is 

incremented under the control of the calculation unit. 

RAM address pointer modes 

The following RAM address pointer modes apply: 

The calculation unit is at standby: 

• there is no direct memory access from the calculation 
unit 

• the down counters are continuously loaded from the 
AIPR, XIPR and AOPR registers 

• because RAM is not addressed by any of the RAM 
pointers, their contents are irrelevant at this time. In 
advance to a calculation, the CPU has to load the 
RAM pointers with the start addresses of the operand 
and result fields. AIPR, XIPR and AOPR have to be 
loaded with the LSB’s address, while APR has to be 
loaded with the MSB’s address of the data field. 

The calculation unit is active: 

• there is direct RAM memory access from the 
calculation unit 

• the data transfer from the registers to their associated 
down counters is stopped 

• the address pointers AIPR, XIPR and APR address 
the operands Ai, Xi and A[3-0] while AOPR addresses 
the Ao result area in RAM 

• while the up and down counters are incremented/ 
decremented under control of the calculation unit, the 
CPU can reload the registers with new addresses, 
ready for transfer to their down counters at the 
beginning of the next calculation cycle. 
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CALCULATION UNIT 

This unit computes, with it’s associated software, any 
exponential functions like x® mod.n. It has been designed 
to optimize the calculation time of exponent modulo N. It 
uses 1 96 bytes of RAM for 51 2-bit length operands. 


To reach this speed, the calculation unit’s architecture 
provides: 

• fast multiplication and addition 

• fast carry handling 

• fast data transfers to fetch operands from RAM or 
EEPROM and to store results in RAM 

• simultaneous operation of both CPU and calculation 
unit. 


CALCULATION UNIT BASIC OPERATION 


The basic operation of the calculation unit is: 

B = ( (A a * X) ® value ] * 2" 

Where "A*,’'B" and "X" are large numbers, 'a' is a 3 or 4 byte part of the 
large number "Y" and "value" is either one same byte used for each 
result byte or the large number "X*. "n" is the number of bit-shifts for the 
calculation result, n can be either 0 or 32. 

Operation set of the calculation unit: | 

B = (A + a * X) ® value * 2« 

multiply and accumulate step (see Fig. 6). 

B = (0 + a * 0) 0 value * 2° 

memory initialization (see Fig. 7). 

A = (A 4- a * 0) 0 value ‘ 2^ 

4 byte shift (see Fig. 8). 

B = (A -f- a * 0) 0 value * 2° 

memory transfer (see Fig. 9). 

B = (A -4 a * X) 0 value * 2^2 

multiply, accumulate step with shift (see Fig. 10). 

Force A = 0 or X = 0 and shift depend on the contents of the registers CMD and CMDSTAT. 

A calculation example of D = M*C Mod N is shown in Fig.11, where D, M, C and N are large numbers of n-bit 

length. 

1 


CALCULATION UNIT PERFORMANCE 

At fcLK = 6 MHz: X® modulo N is performed in 1 .5 s 
typical, with 512 bit operands. 


The calculation unit does not carry out a complete 
exponentation in one step. However, it provides a set of 
basic instructions, from which the complete 
exponentation algorithm can be built by a dedicated 
software. All of these basic instructions operate on 
data-fields inside RAM and EEPROM. The width of these 
data-fields is variable. A typical operand width is 51 2 bits. 

The basic operation of the calculation unit is to multiply 
either a 24-bit number or a 32-bit number with a 
long-word (e.g. 512-bit) and adding the result to another 
long-word- Further XOR and shift operations may be 
carried out to give the final result. With a 32-bit number 
this operation completes in typically 45 ps at 6 MHz clock 
frequency. 
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Calculation unit related SFRs 

12 Special Function Registers (SFRs) are related to the 
calculation unit, see Table 7 and Figure 12. 

Memory access registers 

The calculation unit has direct READ and WRITE 
memory access to the RAM and READ-only access to 
the EEPROM. The unit uses four 8-bit wide RAM 
pointers to address operands and result inside RAM and 
two 8-bit pointers to address operands inside EEPROM. 
The MSB of the EEPROM address is supplied by the 
EADRH register. 5 out of the 6 pointers are pipelined. 
This allows the CPU to initialize these registers while a 
calculation is busy. 


Table 7 Calculation unit related SFRs 


SYMBOL 

ADDRESS 

FUNCTION 

AlPR 

A4H 

RAM address pointer for Ai input operand; note 1 

EADRL1 

F2H 

EEPROM address pointer for Ai input operand; note 1 

XIPR 

ASH 

RAM address pointer for Xi input operand; note 1 

EADRL2 

F1H 

EEPROM address pointer for Xi input operand; note 1 

APR 

A6H 

RAM address pointer for A[3-0] input operand 

AOPR 

A7H 

RAM address pointer for Ao result output 

CMD 

99H 

command register 

CMDSTAT 

98H 

command and status register 

CNTCYCL 

F9H 

cycle counter 

CXOR 

A3H 

XOR operand register 

WRLIM 

FBH 

WRITE operation limit register 

RDLIM 

FAH 

limits register of the READ operands Xi and Ai. 


Note 

1 . Ai operand and Xi operand can be stored in either the RAM or the EEPROM. 
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to/from the CALCULATION UNIT INTERFACE 

CPU 





Fig. 12 Calculation unit and memory access. 


November 1991 


1092 





Philips Semiconductors Microcontroller Products 


Preliminary specification 


Secured 8-bit microcontroller 


83C852 


Command and status registers CMD and CMDSTAT 

The calculation unit has two 8 bit registers (SFRs) for 
commands and status. SFR CMD is used for commands 
only, SFR CMDSTAT is used for both commands and 
status (2 command bits and 3 status bits). 

7 bits of the CMD register are pipelined {see Table 8). At 
the beginning of a calculation, the contents of these 
seven bits are transferred into an internal command 
register that controls the calculation unit’s sequencer. 


This allows the CPU to re-initialize the CMD register for 
the next calculation while the current calculation is still 
busy. 

The CMDSTAT SFR (see Table 1 0) is not pipelined and 
may not be reloaded by the CPU whilst the calculation 
unit is active. Both CMD and CMDSTAT registers are 
cleared at reset. Tables 9 and 11 describe the function of 
single status and control bits within the CMD and 
CMDSTAT registers. 


Tables CMD SFR 


CMD register 
loaded by the CPU 
(SFR) 


internal CMD 
loaded by the 
calculation unit 


7 

® 1 

5 

4 

3 

2 ; 

1 

0 

DWA 

1 

AE2P 

XE2P 

OXOR 

SHIFT 

LDRAM 

M32 

CMRD 

i 

1 

1 

1 

1 

i 

1 



DWA’ j 

1 AE2P 

[ XE2P’ 1 

XOR’ 

I SHIFT 

LDRAM’ 

M32’ 




1 1 1 I I i I 


SFR command 
register 


interrnal command 
register 
(7-bit latch) 


to the sequencer 


Table 9 Description of the CMD bits 


SYMBOL / PARAMETER 

FUNCTION 1 

CMD.7 

DWA = disable output write 

set and reset by the CPU. 

When the DWA bit is set 1 , the writing operation of the Ao result into RAM is 
disabled. The AOPR address counter is not decremented. 

When DWA bit is reset 0, the Ao result bytes are written into RAM. 

CMD.6 

AE2P = input Ai operand from 
the EEPROM 

set and reset by the CPU. 

When the AE2P bit is set 1 the EEPROM is addressed by AiPE (EADRL1) 
address pointer and the Ai operand is read from the EEPROM. When AE2P is 
reset 0 the RAM is addressed by AlPR address counter and the Ai operand is 
read from the RAM. 
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SYMBOL / PARAMETER 

FUNCTION 1 

CMD.5 

XE2P = input Xi operand from 
the EEPROM 

set and reset by the CPU. 

When the XE2P bit is set 1 the EEPROM is addressed by XIPE (EADRL2) 
address pointer and the Xi operand is read from the EEPROM. When XE2P is 
reset 0 the RAM is addressed by XI PR address counter and the Xi operand is 
read from the RAM. 

CMD.4 1 

OXOR = output exclusive OR 

set and reset by the CPU. 

When the OXOR bit is set 1 the output data value is; Xi 0 calculation result. When 
the OXOR bit is reset 0 the output data value is: CXOR register content 0 
calculation result. If the output value must be the real calculation result; OXOR bit 
is reset 0 and the CXOR register content = OOH. 

CMD.3 

SHIFT = control of Ao result 
shift 

set and reset by the CPU. 

When the SHIFT bit is set 1 the Ao result consists of four registers Ao3, Ao2, Aol , 
AoO, thus the output data is delayed four times which leads to a 32-bit result shift. 

If the SHIFT bit is reset 0, the output pipeline has only one register Ao3. The result 
is not shifted. 

CMD.2 1 

LDRAM = Load A3, A2, A1 , AO 
registers from the RAM 

set and reset by the CPU. 

When the LDRAM bit is set 1 the calculation unit reloads A3, A2, A1 , AO registers 
from the RAM at the start of the computation. When the LDRAM bit is reset 0, the 
A3, A2, A1 , AO registers are reloaded from the Ao3, Ao2, Aol , AoO output pipeline 
registers. 

CMD.1 

M32 = 32-bit operands 

set and reset by the CPU. 

When the M32 bit is set 1 the multiplier operands are A[3..0] {32-bits), APR is 
incremented by four. When the M32 bit is reset 0 the multiplier operands are 

A[2-0] (28-bits), APR is incremented by three. 

CMD.O 

CMRD = command ready 

set by the CPU and cleared by the calculation unit (see Fig. 13). 

To start a calculation, the CMRD bit is set 1 by the CPU. The CMRD bit will be 
reset 0 by hardware immediately after beginning the calculation. The CMD 
register is then ready to take the next command word from the CPU. When the 
CMRD bit is set 1 by the CPU while the calculation unit is still active, the 
calculation unit does not stop at the end of the current computation. The new 
calculation starts immediately with the new command parameters. In this case 
there will be no interrupt request. 
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Fig. 13 CPU and calculation unit timings. 


Table 10 CMDSTATSFR 


SFR Command and Status register (SFR) 
loaded and read by the CPU -> 

4 

3 

2 

1 

0 

DRA 

DRX 

RUN 

CCY 

DONE 

i 

to the s€ 

squencer 

T 

from 

T 

the calculatioi 

T 

n unit 


Table 11 Description of the CMDSTAT bits 


SYMBOL / PARAMETER 

FUNCTION 1 

CMDSTAT bits 7, 6, 5, not applicable 

CMDSTAT.4 

DRA = READ disable of the 
operand Ai 

set and reset by the CPU. 

When the DRA bit is set 1. READ operation of the operand Ai is disabled and Ai is 
cleared. In this mode the AlPR address counter is not decremented. 

CMDSTAT.3 | 

DRX = READ disable of the 
operand Xi 

set and reset by the CPU. 

When the DRX bit is set 1 , READ operation of the operand Xi is disabled and Xi is 
cleared. In this rTx>de the XIPR address counter is not decremented. 

CMDSTAT.2 | 

RUN = active calculation unit 

set and reset by the calculation unit. 

While the calculation unit is active, the RUN bit is set 1 , otherwise the RUN bit is 
reset 0 (cleared). 
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SYMBOL / PARAMETER 

FUNCTION 

CMDSTAT bits 7, 6, 5, not applicable 

CMDSTAT.1 

CCY = carry 

set and reset by the calculation unit. 

When the contents of Ao3, Ao2, Aol , AoO output pipeline registers are greater 
than 0 (zero), the CCY bit is set 1 , otherwise CCY is reset 0. 

CMDSTAT.O I 

DONE = end of the 
computation 

set by the calculation unit, reset by the CPU. 

The DONE bit is set 1 by the calculation unit at the end of computation. When set 

1 , an interrupt request is generated. The DONE flag has to be reset 0 by the CPU 
during an interrupt service routine. 


Cycle counter CNTCYCL 

This is an 8-bit register with associated down counter. It 
counts the number of bytes of the result which the 
calculation unit shall carry out. The first byte of the result 
is always zero. 

The CPU has WRITE access to the register and READ 
access to the down counter. CNTCYCL is cleared to OOH 
during reset. As long as the calculation unit is in standby, 
the down counter is continuously loaded with the register 
contents. After start of calculation, the down counter 
becomes separated from the register and starts 
counting. The register can then be reloaded by the CPU 
for the next calculation cycle. As soon as the down 
counter reaches the state OOH, the calculation cycle is 
terminated. 

Limit registers 

The calculation unit has two 8-bit limit registers (SFRs) 
WRLIM and RDLIM. WRLIM controls the start of Ao 
result output to RAM, while RDLIM controls the length of 
Ai and Xi input operands. RDLIM is split into two 4-bit 
registers. RDLIM (7-4) carry the READ limit for the XI 
operand and RDLIM (3-0) the READ limit for Ai. 

The contents of WRLIM, RDLIM (7-4), RDLIM (3-0) are 
compared to the contents of the Cycle Counter 
CNTCYCL during calculation. As Xi and Ai limits are both 
only 4-bits wide, these values are expanded to 8-bits for 
comparison by adding four leading zeros. 

WRITE LIMIT REGISTER WRLIM; 

• as long as the CNTCYCL contents are greater than 
the WRLIM’s contents, writing of the Ao output result 
to RAM is inhibited. 


READ LIMIT REGISTER RDLIM: 

• READ Xi limit (upper 4-bits): when the CNTCYCL 
contents has reached the Xi limit, the READ value of 
the Xi operand is 0. 

• READ Ai limit (lower 4-bits): when CNTCYCL 
contents has reached the Ai limit, the READ value of 
the Ai operand is 0. 

The limit registers can be read and written by the CPU. 
Because of their pipeline structure, they can be 
re-loaded whilst the calculation unit is active. Both 
registers are cleared to OOH during reset. 

CXOR register 

This is an 8-bit wide SFR that provides one operand for 
an exclusive-OR operation on the calculation result. It 
can be read and written by the CPU, the default value 
after reset is 0. 

Calculation unit interrupt 

At the end of a calculation cycle, an interrupt request is 
generated (DONE = 1 ). The DONE flag has to be reset 
by software during the interrupt service routine. The 
calculation unit’s operation cannot be interrupted by any 
other interrupt. Interrupt requests are pending until the 
end of the calculation cycle. They will be acknowledged 
during the interrupt service routine. 

Parallel operation of CPU and calculation unit 

The performance of the calculation unit degrades if 
pointer and control register initializations are done in 
between two consecutive calculation cycles. The full 
calculation speed is reached when these initializations 
are carried out by the CPU in parallel to a computation 
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cycle of the calculation unit (see Fig. 13). Thus with 
parallel initializations, when a current computation cycle 
is completed, all of the required initializations have 
already been done to enable the next computation cycle 
of the calculation unit to start immediately. 


Either I/O line can be used independently from the other 
as an input or as an output. For an I/O line to be used as 
an input, a set 1 must first be written to it’s port-latch. 
See Fig. 14. The strong output driver FET PI is turned 
off after one external clock period. The pin is then pulled 
HIGH by the weak pull-up FETs P2 and P3. It can be 
pulled LOW by an external source. After a hardware 
reset, both port latches contain a set 1 and both lines 
1/01 and 1/02 are in Input mode. 



10 register 

The 83C852 has 2 I/O lines: 1/01 and 1/02. Line 1/01 is 
represented by 101 (bit 0) and line 1/02 is represented by 
102 (bit 1 ) of the lO register (SFR). lO bits: 7, 6, 5, 4. 3 
and 2 are don’t care. 
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Timers 

The 83C852 has two 16-bit timer registers Timer 0 and 
Timer 1 . The timer registers are incremented each 
machine cycle and are thus capable of counting machine 
cycles. Since a machine cycle consists of 6 external 
clock periods, the count rate is 1/6 of the clock 
frequency. Each timer has three operating modes; 

• Mode 0 = 13-bit timer 

• Mode 1 = 16-bit timer 

• Mode 2 = 8-bit timer with auto-reload. 
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Timers 0 and 1 are controlled via the two SFRs: Timer Mode Control (TMOD) and Timer Control/Extemal Interrupt 
Control (TCON). 

Table 13 TMOD SFR 


TIMER 1 

TIMER 2 

- 

- 

Ml 

MO 

- 

- 

M1 

MO 

7 

6 

5 

4 

3 

2 

1 

0 


Table 14 Description of the TMOD bits 


SYMBOL 

PARAMETER 

FUNCTION 

Timer 1 | 

- 

TMOD.7 

reserved, don’t care 

- 

TMOD.6 

reserved, don’t care 

M1 

TMOD.5 

Timer 1 mode select 

MO 

TMOD.4 

Timer 1 mode select 

Timer 0 

- 

TMOD.3 

reserved, don’t care 

- 

TMOD.2 

reserved, don’t care 

Ml 

TMOD.1 

Timer 0 mode select 

MO 

TMOD.O 

Timer 0 mode select 

Ml and MO operating modes 

0 

0 

8-bit timer ’■THx" with "TLx" as 5-bit prescaier 

0 

1 

16-bit timer "THx* and "TLx" are cascaded. There is no prescaler 

1 

0 

8-bit auto-reload timer "THx" holds a value which is reloaded into "TLx* 
each time it overflows. 
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Table 15 ICON SFR 


TIMER CONTROL 

EXTERNAL INTERRUPT CONTROL 

TF1 

TR1 

TFO 

TRO 

- 

lOSW 

lEO 

rro 

7 

6 

5 

4 

3 

2 

1 

0 


Table 16 Description of the TCON bits 


SYMBOL 

PARAMETER 

FUNCTION 

Timer control 

TF1 

TCON.7 

Timer 1 overflow flag. Set by hardware on Timer 1 overflow. Cleared by 
hardware when processor vectors to interrupt routine. 

TR1 

TCON. 6 

Timer 1 run control bit. Set/cleared by software to turn Timer 1 ON/OFF. 

TFO 

TCON.5 

Timer 0 overflow flag. Set by hardware on Timer 0 overflow. Cleared by 
hardware when processor vectors to interrupt routine. 

TRO 

TCON. 4 

Timer 0 run control bit. Set/cleared by software to turn Timer 0 ON/OFF. 

External Interrupt Control 

- 

TCON. 3 

resenred, don’t care. 

lOSW 

TCON.2 

switch for external interrupt source; 

0 = I/01 is used as external interrupt source; 

1 = 1/02 is used is used as external interrupt source. 

lEO 

TCON.1 

is the external interrupt 0 edge flag. If ITO is set 1 , the lEO bit is set 1 by 
hardware when the external interrupt source (either 1/01 pin or 1/02 pin) 
is detected to have made a 1 to 0 transition. The lEO bit is cleared by 
hardware when the processor transfers control to the interrupt service 
routine. 

ITO 

TCON.O 

determines whether external interrupt is edge-triggered or level-triggered. 

If ITO is set 1 ; external interrupt 0 is edge-triggered. 

if ITO is reset 0, external interrupt 0 is triggered by a detected LOW at 

the external interrupt source. 
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Interrupt system 

The 83C852 has five interrupt sources, each can be 
programmed to one of two priority interrupt levels, either 
HIGH or LOW. The five interrupt sources are listed below: 

1 . I/O: external request from either I/O line 

2. Timer 0: overflow from Timer 0 

3. Cell: end of calculation 

4. Timer 1: overflow from Timer 1 

5. EEPROM: completion of EEPROM programming. 

Each interrupt source can be individually enabled or 
disabled, all interrupt sources can also be globally 
enabled or disabled. 

Each interrupt source can be programmed to either a 
HIGH or a LOW priority interrupt level. A LOW can be 
interrupted by a HIGH priority interrupt, but not by 
another LOW priority interrupt. A HIGH priority interrupt 
cannot be interrupted. 

Only one of the I/O lines (either 1/01 or I/02) can be 
used as an external interrupt source at a time. This 
selection is made by lOSW bit from TCON register. 


Interrupt vectors 

The microcontroller acknowledges a request from an 
interrupt by a hardware subroutine call. It pushes the 
contents of the PC (program counter) into the stack, but 
it does not save the PSW (program status word). PC is 
reloaded with an address that depends on the source of 
the interrupt request, as shown below: 

Address Source 

0003H I/01 or 1/02 

OOOBH Timer 0 Overflow 

001 3H end of calculation 

001 BH Tmer 1 Overflow 

0023H completion of EEPROM programming. 

interrupt registers IE and IP 

Interrupt enable register IE 

Each source can be individually enabled or disabled by 
setting or clearing the corresponding bit inside the SFR 
Interrupt Enable register IE. All interrupt sources can also 
be globally enabled or disabled. 


Table 17 IE SFR 


EA 

- 

- 

EE 

ET1 

EC 

ETO 

EXO 

7 

6 

5 

4 

3 

2 

1 

0 


Table 18 Description of the IE bits 


SYMBOL 

PARAMETER 

FUNCTION 

EA 

IE.7 

general enable/disabie control 

0 = no interrupt is enabled 

1 = any individually enabled interrupt will be accepted 

- 

IE.6 

reserved, don’t care 

- 

IE.5 

reserved, don’t care 

EE 

IE.4 

enable EEPROM interrupt 

ET1 

IE.3 

enable Timer 1 interrupt 

EC 

1E.2 

enable calculation unit interrupt 

ETO 

1E.1 

enable Timer 0 interrupt 

EXO 

lE.O 

enable external 0 interrupt (from I/O) 
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Table 19 IPSFR 



- 

- 

PE 

PT1 

PCU 

pro 

PXO 

7 

6 

5 

4 

3 

2 

1 

0 


Table 20 Description of the IP bits 


SYMBOL 

PARAMETER 

FUNCTION 

- 

I P. 7 

reserved, don’t care 

- 

I P. 6 

reserved, don’t care 

- 

I P. 5 

reserved, don’t care 

PE 

iP.4 

EEPROM interrupt level 

PT1 

I P. 3 

Timer 1 interrupt level 

PCU 

I P. 2 

calculation unit interrupt level 

PTO 

IP.1 

Timer 0 interrupt level 

PXO 

IP.O 

external 0 interrupt level 


Interrupt priority register IP 

The interrupt level is selected within the SFR Interrupt 
Priority register IP. Setting a bit to ’1 ’ selects HIGH 
priority. 

Hardware security 

Operating mode 

The microcontroller has two operating modes: 

• User mode 

• Test mode 

The test mode is permanently disabled once the test has 
been performed. 

Low frequency sensor 

The low frequency detector circuit triggers a reset of the 
CPU when the clock frequency falls below f^LK minimum 
(approximately 500 kHz). When the clock frequency rises 
above fcLK minimum the reset is de-actiyated. 

Power ON/OFF reset 

The power ON/OFF reset circuit triggers a reset of the 
CPU when the power supply falls below Vqq minimum 
(approximately 3.5 V). When the power supply rises 
above V^d minimum, this reset is de-activated. When the 
power-down mode is active (PD is set 1 ) the power 
ON/OFF reset is de-activated. 


Idle mode and power-down mode 

Idle mode 

The 83C852 provides two power saving operational 
modes, the idle mode and the power-down mode. In the 
idle mode, the CPU enters a sleep routine whilst some of 
the on-chip peripherals (timers and interrupt system) 
remain active. The contents of the RAM and SFRs 
remain unchanged during the duration of an idle mode. 
The idle mode can be terminated by an enabled interrupt 
or by a hardware reset. Besides stopping the CPU, the 
idle mode terminates EEPROM write operations and 
stops operation of the calculation unit. 

Power-down mode 

In the power-down mode, all on-chip internal clocks are 
frozen. The CPU and all on-chip peripherals stop 
working. The only exit from a power-down mode is by a 
hardware reset. The on-chip RAM and SFRs retain their 
values until the power-down mode is terminated. Reset 
redefines the SFRs, but does not change the RAM 
contents. The Vqq supply can be reduced to 2 V whilst 
the power-down mode is active. Both modes are 
activated by software via the SFR Power Control register 
PCON. PCON is not bit addressable. 
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Table 21 PCONSFR 


- 

- 

_ 

- 

GF1 

GFO 

PD 

IDL 

7 

6 

5 

4 

3 

2 

1 

0 


Table 22 Description of the PCON bits 


SYMBOL 

PARAMETER 

FUNCTION 

- 

PCON.7 

reserved, don’t care 

- 

PCON.6 

reserved, don’t care 

- 

PCON.5 

reserved, don’t care 

- 

PCON.4 

reserved, don’t care 

GF1 

PCON.3 

general purpose flag bit 

GFO 

PCON. 2 

general purpose flag bit 

PD 

PCON.1 

enter power-down mode when set; note 1 

IDL 

PCON.O 

enter idle mode when set; note 1 


Note 

1 . If a logic 1 is written to PD and IDL at the same time, PD takes precedence. 
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SFRs memory mapping 
Table 23 

The 83C852 has the following 33 Special Function Registers (SFRs) available to the user. 


SFRs 

ADDRESS 

SYMBOL 

RESET VALUE 

FUNCTION 

FBH 

WRLIM 

OOOO.OOOOB 

WRITE limit register for calculation unit 

FAH 

RDLIM 

OOOO.OOOOB 

READ limit for calculation unit 

F9H 

CNTCYCL 

OOOO.OOOOB 

cycle counter for calculation unit 

F7H 

ECNTRL2 

XXXX.OOOOB 

EEPROM control register (test modes) 

F6H 

ECNTRL1 

OOOO.OOOOB 

EEPROM control register (user modes) 

F5H 

ETIM 

0000.1000B 

EEPROM timer register 

F4H 

EDAT 

XXXX.XXXXB 

EEPROM data register 

F3H 

EADRH 

1000.0000B 

EEPROM address register HIGH 

F2H 

EADRL1 

OOOO.OOOOB 

EEPROM address register 1 LOW, address pointer 

AIPE for calculation unit 

F1H 

EADRL2 

OOOO.OOOOB 

EEPROM address register 2 LOW, address pointer 

XI PE for calculation unit 

FOH 

B 

OOOO.OOOOB 

B register 

EOH 

ACC 

OOOO.OOOOB 

accumulator 

DOH 

PSW 

OOOO.OOOOB 

program status word 

B8H 

IP 

XXXO.OOOOB 

interrupt priority register 

BOH 

lO 

XXXX.XX11B 

I/O register 

A8H 

IE 

OXXO.OOOOB 

interrupt enable register 

A7H 

AOPR 

OOOO.OOOOB 

AOPR register for calculation unit 

A6H 

APR 

OOOO.OOOOB 

APR register for calculation unit 

ASH 

XIPR 

OOOO.OOOOB 

XIPR register for calculation unit 

A4H 

AlPR 

OOOO.OOOOB 

AlPR register for calculation unit 

A3H 

CXOR 

OOOO.OOOOB 

CXOR register for calculation unit 

99H 

CMD 

OOOO.OOOOB 

command register for calculation unit 

98H 

CMDSTAT 

XXXO.OOOOB 

command and status register for calculation unit 

8DH 

TH1 

OOOO.OOOOB 

Timer 1 HIGH 

8CH 

THO 

OOOO.OOOOB 

Timer 0 HIGH 

8BH 

TL1 

OOOO.OOOOB 

Timer 1 LOW 

8AH 

TLO 

OOOO.OOOOB 

Timer 0 LOW 

89H 

TMOD 

XXOO.XXOOB 

Timer 0 and 1 mode control 

88H 

TCON 

OOOO.XOOOB 

Timer 0 and 1 control and external interrupt control 

87H 

PCON 

XXXX.OOOOB 

power control register 

83H 

DPH 

OOOO.OOOOB 

data pointer HIGH 

82H 

DPL 

OOOO.OOOOB 

data pointer LOW 

81H 

SP 

0000.01 11 B 

stack pointer 
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^ Bit addressable 

81 

F8 


CNTCYCL 

RDLIM 

WRLIM 

FO 

B 

EADRL2 

EADRL1 

EADRH 

E8 





EO 

ACC 




D8 





DO 

PSW 




C8 





CO 





B8 

IP 




BO 

io 




A8 

IE 




AO 




CXOR 

98 

CMDSTAT 

CMD 



90 





88 

ICON 

TMOD 

TLO 

TL1 

80 


SP 

DPL 

DPH 


8 Bytes 


ECNTRL1 ECNTRL2 F7 
EF 
E7 
DF 
D7 
CF 
C7 
BF 
B7 
AF 

APR AOPR A7 

^ 

97 

_8F 

PCON 87 

MBA746 


83C852 specific SFR's 


Fig.16 SFRs mapping. 
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INSTRUCTION SET 

The instruction set consists of 49 single-byte, 46 two-byte and 16 three-byte instructions. When using a 6 MHz 
external clock, 64 instructions execute in 1 cycle (1 ps) and 45 instructions execute in 2 cycles (2 ps). Multiply and 
divide instructions execute in 4 cycles (4 ps). 

INSTRUCTION SET DESCRIPTION 

For data addressing modes. Hexadecimal opcode cross-reference and invalid instructions, see Table notes. 


MNEMONIC 

DESCRIPTION 

BYTES 

CYCLES 

OPCODE 

(HEX) 

Arithmetic operation | 

ADD 

A,Rr 

Add register to A 

1 

1 

2* 

ADD 

A,direct 

Add direct byte to A 

2 

1 

25 

ADD 

A,@Ri 

Add indirect RAM to A 

1 

1 

26, 27 

ADD 

A,#data 

Add immediate data to A 

2 

1 

24 

ADDC 

A,Rr 

Add register to A with carry flag 

1 

1 

3* 

ADDC 

A, direct 

Add direct byte to A with carry flag 

2 

1 

35 

ADDC 

A,@Ri 

Add indirect RAM to A with carry flag 

1 

1 

36,37 

ADDC 

A,#data 

Add immediate data to A with carry flag 

2 

1 

34 

SUBB 

A,Rr 

Subtract register from A with borrow 

1 

1 

9* 

SUBB 

A,direct 

Subtract direct byte from A with borrow 

2 

1 

95 

SUBB 

A,@Ri 

Subtract indirect RAM from A with borrow 

1 

1 

96, 97 

SUBB 

A,#data 

Subtract immediate data from A with borrow 

2 

1 

94 

INC 

A 

Increment A 

1 

1 

04 

INC 

Rr 

Increment register 

1 

1 

0* 

INC 

direct 

Increment direct byte 

2 

1 

05 

INC 

@Ri 

Increment indirect RAM 

1 

1 

06, 07 

DEC 

A 

Decrement A 

1 

1 

14 

DEC 

Rr 

Decrement register 

1 

1 

r 

DEC 

direct 

Decrement direct byte 

2 

1 

15 

DEC 

@Ri 

Decrement indirect RAM 

1 

1 

16, 17 

INC 

DPTR 

Increment data pointer 

1 

2 

A3 

MUL 

AB 

Multiply A & B 

1 

4 

A4 

DIV 

AB 

Divide A by B 

1 

4 

84 

DA 

A 

Decimal adjust A 

1 

1 

D4 
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Instruction set description (continued) 


MNEMONIC 

DESCRIPTION 

BYTES 

CYCLES 

OPCODE 

(HEX) 

Logic operations 

ANL 

A,Rr 

AND register to A 

1 

1 

5* 

ANL 

A, direct 

AND direct byte to A 

2 

1 

55 

ANL 

A,@Ri 

AND indirect RAM to A 

1 

1 

56, 57 

ANL 

A,#data 

AND immediate data to A 

2 

1 

54 

ANL 

direct, A 

AND A to direct byte 

2 

1 

52 

ANL 

direct, #data 

AND immediate data to direct byte 

3 

2 

53 

ORL 

A,Rr 

OR register to A 

1 

1 

4' 

ORL 

A,direct 

OR direct byte to A 

2 

1 

45 

ORL 

A,@Ri 

OR indirect RAM to A 

1 

1 

46, 47 

ORL 

A,#data 

OR immediate data to A 

2 

1 

44 

ORL 

direct,A 

OR A to direct byte 

2 

1 

42 

ORL 

direct, #data 

OR immediate data to direct byte 

3 

2 

43 

XRL 

A,Rr 

Exclusive-OR register to A 

1 

1 

6* 

XRL 

A,direct 

Exclusive-OR direct byte to A 

2 

1 

65 

XRL 

A,@Ri 

Exclusive-OR indirect RAM to A 

1 

1 

66, 67 

XRL 

A,#data 

Exclusive-OR immediate data to A 

2 

1 

64 

XRL 

direct, A 

Exclusive-OR A to direct byte 

2 

1 

62 

XRL 

direct, #data 

Exclusive-OR immediate data to direct byte 

3 

2 

63 

CLR 

A 

Clear A 

1 

1 

E4 

CPL 

A 

Complement A 

1 

1 

F4 

RL 

A 

Rotate A left 

1 

1 

23 

RLC 

A 

Rotate A left through the carry flag 


1 

33 

RR 

A 

Rotate A right 

1 

1 

03 

RRC 

A 

Rotate A right through the carry flag 

1 

1 

13 

SWAP 

A 

Swap nibbles within A 

1 

1 

C4 
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Instruction set description (continued) 


MNEMONIC 

DESCRIPTION 

BYTES 

CYCLES 

OPCODE 

(HEX) 

Data transfer 

MOV 

A,Rr 

Move register to A 

1 

1 

E* 

MOV 

A, direct** 

Move direct byte to A 

2 

1 

E5 

MOV 

A,@Ri 

Move indirect RAM to A 

1 

1 

E6, E7 

MOV 

A,#data 

Move immediate data to A 

2 

1 

74 

MOV 

Rr,A 

Move A to register 

1 

1 

F* 

MOV 

Rr, direct 

Move direct byte to register 

2 

2 

A* 

MOV 

Rr,#data 

Move immediate data to register 

2 

1 

7* 

MOV 

direct, A 

Move A to direct byte 

2 

1 

F5 

MOV 

direct, Rr 

Move register to direct byte 

2 

2 

8* 

MOV 

direct, direct 

Move direct byte to direct 

3 

2 

85 

MOV 

direct, @Ri 

Move indirect RAM to direct byte 

2 

2 

86,87 

MOV 

direct, #data 

Move immediate data to direct byte 

3 

2 

75 

MOV 

@RI,A 

Move A to indirect RAM 

1 

1 

F6, F7 

MOV 

@Ri, direct 

Move direct byte to indirect RAM 

2 

2 

A6, A7 

MOV 

@Ri,#data 

Move immediate data to indirect RAM 

2 

1 

76, 77 

MOV 

DPTR,#data 16 

Load data pointer with a 16-bit constant 

3 

2 

90 

Move 

A,@A-t-DPTR 

Move code byte relative to DPTR to A 

1 

2 

93 

Move 

A,@A-*-Pe 

Move code byte relative to PC to A 

1 

2 

83 

PUSH 

direct 

Push direct byte onto stack 

2 

2 

CO 

POP 

direct 

Pop direct byte from stack 

2 

2 

DO 

XCH 

A,Rr 

Exchange register with A 

1 

1 

C* 

xeH 

A, direct 

Exchange direct byte with A 

2 

1 

C5 

xeH 

A,@Ri 

Exchange indirect RAM with A 

1 

1 

C6, Cl 

XeHD 

A,@Ri 

Exchange LOW-order digit indirect RAM with A 

1 

1 

D6, D7 

Note: the following MOVX instructions of 80C51 set are not applicable to 83C852 | 

MOVX 

A,@Ri 

Move external RAM (8-bit address) to A 

1 

2 

E2, E3 

MOVX 

A,@DPTR 

Move external RAM (16-bit address) to A 

1 

2 

EO 

MOVX 

@Ri,A 

Move A to external RAM (8-bit address) 

1 

2 

F2. F3 

MOVX 

@DPTR,A 

Move A to external RAM (16-bit address) 

1 

2 

FO 
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Instruction set description (continued) 


MNEMONIC 

DESCRIPTION 

BYTES 

CYCLES 

OPCODE 

(HEX) 

Boolean variable manipulation 

CLR 

C 

Clear carry flag 

1 

1 

C3 

CLR 

bit 

Clear direct bit 

2 

1 

C2 

SETB 

C 

Set carry flag 

1 

1 

D3 

SETB 

bit 

Set direct bit 

2 

1 

D2 

CPL 

C 

Complement carry flag 

1 

1 

B3 

CPL 

bit 

Complement direct bit 

2 

1 

B2 

ANL 

C.bit 

AND direct bit to carry flag 

2 

2 

82 

ANL 

C,/bit 

AND complement of direct bit to carry flag 

2 

2 

BO 

ORL 

C,bit 

OR direct bit to carry flag 

2 

2 

72 

ORL 

C,/bit 

OR complement of direct bit to carry flag 

2 

2 

AO 

MOV 

C,bit 

Move direct bit to carry flag 

2 

1 

A2 

MOV 

bit,C 

Move carry flag to direct bit 

2 

2 

92 

Program and machine control 

ACALL 

addrll 

Absolute subroutine call 

2 

2 

•laddr 

LCALL 

addrie 

Long subroutine call 

3 

2 

12 

RET 


Return from subroutine 

1 

2 

22 

RETI 


Return from interrupt 

1 

2 

32 

AJMP 

addrll 

Absolute jump 

2 

2 

♦laddr 

UMP 

addrie 

Long jump 

3 

2 

02 

SJMP 

rel 

Short jump (relative address) 

2 

2 

80 

JMP 

@A+DPTR 

Jump indirect relative to the DPTR 

1 

2 

73 

JZ 

rel 

Jump if A is zero 

2 

2 

60 

JNZ 

rel 

Jump if A is not zero 

2 

2 

70 

JC 

rel 

Jump if carry flag is set 

2 

2 

40 

JNC 

rel 

Jump if carry flag is not set 

2 

2 

50 

JB 

bit, rel 

Jump if direct bit is set 

3 

2 

20 

JNB 

bit, rel 

Jump if direct bit is not set 

3 

2 

30 

JBC 

bit, rel 

Jump if direct bit is set and clear bit 

3 

2 

10 

CJNE 

A,direct,rel 

Compare direct to A and jump if not equal 

3 

2 

B5 

CJNE 

A,#data,rel 

Compare immediate to A and jump if not equal 

3 

2 

B4 

CJNE 

Rr,#data,rel 

Compare immed. to reg. and jump if not equal 

3 

2 

B* 

CJNE 

@Ri,#data,rel 

Compare immed. to ind. and jump if not equal 

3 

2 

B6. B7 

DJNZ 

Rr,rel 

Decrement register and jump if not zero 

2 

2 

D* 

DJNZ 

direct, rel 

Decrement direct and jump if not zero 

3 

2 

D5 

NOP 


No operation 

1 

1 

00 
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83C852 


NOTES TO INSTRUCTION SET TABLE 


MNEMONIC 

DESCRIPTION 

Data addressing modes | 

Rr 

working register R0-R7. 

direct 

128 internal RAM locations and any special function register (SFR). 

@Ri 

indirect internal RAM location addressed by register RO or R1 of the actual register bank. 

#data 

8-bit constant included in instruction. 

#data 1 6 

16-bit constant included as bytes 2 and 3 of instruction. 

bit 

direct addressed bit in internal RAM or SFR. 

addri 6 

16-bit destination address. Used by LCALL and LJMP. The branch will be anywhere within the 

64K byte program memory address space. 

addrll 

11 -bit destination address. Used by ACALL and AJMP. The branch will be within the same 2K byte 
page of program memory as the first byte of the following instruction. 

rel 

Signed (two’s complement) 8-bit offset byte. Used by SJMP and all conditional jumps. Range is 
-1 28 to -1-1 27 bytes relative to first byte of the following instruction. 

Hexadecimal opcode cross-reference 

* 

8, 9. A, B, C, D, E, F. 

. 

11,31, 51,71, 91, B1, D1, FI. 


01, 21, 41, 61, 81, A1, Cl, El. 

Invalid instructions: | 

note ** 

MOV A, ACC is not a valid instruction. 

MOVX 

MOVX instructions of 80C51 set are not applicable to 83C852. 
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INSTRUCTION MAP 

MOVX instructions not applicable 


-first hexadecimal character c 


second hexadecimal character of opcode 


1 

0 

1 

2 

3 

— 

4 

5 

6 1 7 

8 1 9 A 

B 

C 

D 

E 

F 

0 

NOP 

AJMP 
addri 1 

LJMP 
addri 6 

RR A 

INCA 

INC 

dir 

INC@Ri 

0 1 1 

INC Rr 

0 1 1 1 2 

3 

4 

5 

6 

7 

1 

JBC 

bit.rel 

ACALL 
addri 1 

LCALL 

addrie 

RRC A 

DEC A 

DEC 

dir 

DEC@Ri 

0 1 1 

DEC Rr 

0|1 |2 

3 

4 

5 

6 

7 

2 

JB 

bit.rel 

^AJMP 

addril 

RET 

RL A 

ADD 

A,#data 

ADD 

A,dir 

ADD A,®iRi 

0 1 1 

ADD A,Rr 

3 

4 

5 

6 

7 

3 

JNB 

bit,rel 

ACALL 

addril 

RETI 

RLC A 

ADDC 

A,#data 

ADDC 

A, dir 

ADDC A.lgiRi 

0 1 1 

ADDC A,Rr 
0 |1 I 2 

3 

4 

5 

6 

7 

4 

JC 

rel 

AJMP 
addri 1 

ORL 
dir, A 

ORL 

dir,#data 

ORL 

A,#data 

ORL 

A, dir 

ORL A,@iRi 

0 I 1 

ORLA.Rr 
0|1 |2 

3 

4 

5 

6 

7 

5 

JNC 

rel 

ACALL 
addri 1 

ANL 
dir, A 

ANL 

dir,#data 

ANL 

A,#data 

ANL 

A,dir 

ANL A,@Ri 

0 1 1 

ANL A,Rr 

0 I 1 I 2 

-1_ 

4 

5 

6 

7 

6 

i 

JZ 

AJMP 

XRL 

XRL 

XRL 

XRL 

XRL A,@Ri 

XRL A,Rr 







MOV DPTR, ACALL 

#data addril 

ORL AJMP 

C,/bit addril 1 

ANL ACALL 1 

C,/bit addril 

PUSH AJMP 

dir addril 

POP ACALL 

dir addri 1 

MOVX AJMP 

A,@DPTR addri 1 

MOVX ACALL 

@DPTR,A addril 


JMP 

@A^-DPTR 

Move 

A,(g>A+PC 

Move 

A,@A+DPTR 

INC 

DPTR 

CPLC 


SETS SETS 
bit C 
MOVX A,@Ri 

U 

MOVX@Ri,A 
0 1 1 


MOV @Ri,#data 

^ 

MOVdir,@Ri 

^ UL 

SUBB A,@Ri 

^ U- 

MOV @Ri,dir 

^ LL- 

CJNE @Ri,#data,rel 

... -4 1 .- 

XCH A,@Ri 

Ll- 

XCHD A,@Ri 
MOV A,@Ri 

J? LJL 

MOV @Ri,A 

0 I 1 


MOV Rr,#data 

■ 0|r |2 [3 4 _5 _6__7_ 
MOV dir,Rr 

0 1112 3 4 5 6 7 


SUBB A,Rr 

0 I 1 I 2 3 4 5 _6__7_ 

MOV Rr,dir 

0 I 1 [ 2 I 3 I 4 5 6 7 

CJNE Rr,#data,rel 
0 I 1 I 2 I 3 1 4 5 j 6 7 

XCH A,Rr 

0 1112 3 4 5 6 7 


DJNZRr,rel 

0|1|2|34 5 67 


MOV A,Rr 

0 I 1 I 2 3 4 5 6 7 

MOV Rr,A 

OM I 2 |3|4 Is I 6 I? 

* MOV A,ACC is not a valid initructior. 
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83C852 


ISO INFORMATION 


The following ISO characteristics information as applicable to this data sheet may be superseded. Please ensure that 
the latest version of ISO information is studied for relevant features. 

ISO ELECTRICAL CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

I/O 1 

V,H 

input voltage HIGH 

'iH (max ) = pA 

0.7 X Vdd 

- 

Vdd +0.3 

V 

V,L 

input voltage LOW 

*IL (max.) ~ 

-0.3 



0.8 

V 

^OH 

output voltage HIGH 

^OH (max ) = “20 pA; 

note 1 

3.8 


< 

o 

o 

V 

''^OL 

output voltage LOW 

'oL (max) = 

0 

- 

0.4 

V 

^l/O 

input/output pin capacitance 


- 

- 

30 

pF 


I/O rise/fall times 

C|N = 30 pF; 

^OUT = 

- 

- 

1 

ps 

CLK 

V|H 

input voltage HIGH 

l|H (max) ~ ^0 pA 

0.7 X Vdd 

- 

Vdd +0.3 

V 

V,L 

input voltage HIGH 

l|L (max.) = ±200 pA 

-0.3 

- 

0.5 

V 

c, 

input pin capacitance 


- 

- 

30 

pF 


CLK rise/fall times 

C|N = 30 pF 



9% of period 
with a max. 
of 0.5 ps 

ps 

RESET 

V,H 

input voltage HIGH 

*1H (max ) - ±20 pA 

0.7 X Vdo 


Voo +0.3 

V 

V,L 

input voltage LOW 

IlL (max ) = ±200 pA 

-0.3 

- 

0.5 

V 


Note 

1 . It is assumed that a pull-up resistor is used in the interface device (recommend value = 20 kO). 


LIMITING VALUES 

In accordance with the Absolute Maximum System (lEC 134) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

V, 

input voltage on any pin with respect to ground (Vgs) 

-0.5 

±6.5 

V 


input/output current on 1/01 or 1/02 pin 

- 

±5 

mA 

F tot 

total power dissipation per package 

- 

1 

W 


storage temperature range 

-65 

150 

°C 

"^amb 

operating ambient temperature range 

^ i 

70 

°C 


HANDLING 

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is 
desirable to take precautions appropriate to handling MOS devices (see ’Handling MOS Devices’). 


November 1991 


1112 







Philips Semiconductors Microcontroller Products 


Preliminary specification 
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83C852 


CHARACTERISTICS 

VpD = 5 V (±10 7o); Vgs = 0 V; T^^ = 0 to 70 °C: all voltages with respect to Vgs unless otherwise specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

DC 

Vdd 

supply voltage range 


4.5 

- 

5.5 

V 

*DD 

supply current 

fcLK = 3.57 MHz 

- 

- 

10 

mA 

'dd 

supply current operating mode 

fcLx = 6.0 MHz 

- 

- 

15 

mA 

'id 

supply current idle mode 

fcLK = 6.0 MHz 

- 

- 

3 

mA 

'pD 

power-down current 

2 V < VpD < Vqq max. 

- 

- 

100 

pA 

1/01; I/02 

V,L 

input voltage LOW 


-0.5 


0.2 Vdd 

V 

V,H 

input voltage HIGH 


0.2 Vdd +6-9 


^DD ±0.5 

V 

l|L 

input current LOW 

V, = +0.45 V 

- 

- 

-50 

pA 

l,L 

input current HIGH-to-LOW 


- 

- 

650 

pA 

VoH 

output voltage HIGH 

loH = -20 pA 

3.8 

- 

- 

V 


output voltage LOW 

loL= 1.0 mA 

- 

- 

0.4 

V 

V,L 

RESET; CLK input voltage 

LOW 


-0.5 

- 

0.2 Vdd -0-1 

V 

V,H 

RESET; CLK input voltage 
HIGH 


0.7 

- 

Vdd +0-5 

V 

I. 

input leakage current 
(RESET; CLK) 

0.45 < V, < Vdd 

- 

- 

±10 

pA 

ESD 

ESD protection 

C = 100 pF; R = 1.5 k 

- 

- 

, 

kV 

AC 

^CLK 

external clock frequency 

internal operating 
frequency = fcLK 

1 

- 

6 

MHz 

fcYC 

cycle time 


1 

- 

- 

ps 

^LK 

clock pulse width 


45 

- 

55 

% 

tr 

clock rise time 


- 

- 

tbf 

ns 


clock fall time 


- 

- 

tbf 

ns 

t 

^POR 

power-on reset delay 


tbf 

- 

tbf 

tbf 

W 

reset pulse width 


12/fcu< 

- 

- 

s 

te 

EEPROM ERASE time 


- 

5.0 



ms 

tw 

EEPROM WRITE time 


- 

5.0 

- 

ms 

ts 

EEPROM data retention time 

Tan* = 55° C 

10.0 

- 

- 

yrs 

N^w 

EEPROM endurance (number 
of erase/write cycles 

t, = 5 ms; t^ = 5 ms 

10 000 

- 

- 

cycles 

C 

1/01; I/02; RESET; fcLx P'n 
capacitance 

U=1MHz; T,^,= 

25 °C 

- 

- 

10 

pF 
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Philips Semiconductors 80C51-Based 8-Bit Microcontrollers 


Development support tools 


DEVELOPMENT SUPPORT 
TOOLS 

Philips Semiconductors manufactures 
support tools and also works closely with 
many “third-party" vendors who provide 
support tools for our wide variety of 
80C51 -based microcontroller derivatives. 


Development Systems 

In most cases, development systems are 
available in two versions for ROM and 
ROMiess applications. The ROM emulation 
products are capable of supporting all 
versions of a given device type, including 
EPROM, ROM, and ROMiess devices. In 
contrast, a ROMiess emulator can only 
support applications designed for a ROMiess 
microcontroller. Most development systems 
are designed to connect to an IBM-PC or 
compatible personal computer. 


EPROM Programming Support 

Philips Semiconductors works closely with 
major suppliers of EPROM programming 
equipment to support our family of EPROM 
microcontrollers. As a result, EPROM 
programming support is available within the 
programming fadlities of many major 
distributors. 

The following is a list of vendors that offer 
support for Philips Semiconductors 80C51 
microcontroller family. 


DEVELOPMENT SYSTEM CONTACTS 


COMPANY 

ADDRESS 

TELEPHONE 

Ashling Microsystems Limited 

Plassey Technological Park 

Limerick, Ireland 

(353) 63-334466 

BSO Tasking 

1 28 Technology Center 

P.O. Box 9164 

Waltham, MA 02254-9164 

(61 7) 894-7800 

Ceibo Ltd. 

1 05 Gleason Rd. 

Lexington, MA 02173 

(61 7) 863-9927 


Merkazim Building, Industrial Zone 

P.O. Box 2106 

Herzelia46120, ISRAEL 

972-52-555387 

Nohau Corp. 

51 E. Campbell Ave. 

Campbell, CA 95008 

(408) 866-1820 

MetaLink Corp. 

325 E. Elliot Road, Suite 23 

Chandler, AZ 85225 

(602) 926-0797 

Philips Semiconductors 

Corporate Centre 

Building BAE-2 

P.O. Box 218 

5600 MD Eindhoven 

The Netherlands 

31-40-724223 

SIGNUM Systems 

171 E. Thousand Oaks Bivd., 

#202 

Thousand Oaks, CA 91360 

(805) 371-4608 


EPROM PROGRAMMING SUPPORT CONTACTS 


COMPANY 

ADDRESS 

TELEPHONE 

Advin Systems 

1050-L East Duane Ave. 

Sunnyvale, CA 94086 

(408) 736-2503 

BP Microsystems 

10681 Haddington #190 

Houston, TX 77043 

(800) 225-2102 
(713) 461-9430 

Data I/O Corp. 

10525 Willows Road N.E. 

P.O. Box 97046 

Redmond. WA 98073-9746 

(206) 881-6444 

Logical Devices, Inc. 

1201 Northwest 65th Place 

Ft. Lauderdale, FL 33309 

(305) 974-0967 

Logical Systems 

P. O. Box 6184 

Syracuse. NY 13217-6184 

(315) 478-0722 

Needham’s Electronics 

4535 Orange Grove Ave. 

Sacramento, CA 95841 

(916) 924-8037 

North Valley Products 

P.O. Box 32899 

San Jose, CA 95152 

(408) 929-5345 

Strebor Data Communications 

1008 N. Nob Hill 

American Fork, UT 84003 

(801) 756-3605 
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SOFTWARE SUPPORT CONTACTS 


COMPANY 

ADDRESS 

TELEPHONE 

Franklin Software, Inc. 

888 Saratoga Ave. #2 

San Jose, CA95129 

(408) 296-6051 

Archimedes Software, Inc. 

2159 Union St. 

San Francisco, CA 94123 

(415)567-4010 

BSO/Tasking 

Tasking Software BV 

P.O. Box 899 

3800 AW Amersfoort 

The Netherlands 

31-33-55-85-84 (Telephone) 
31-33-55-00-33 (Fax) 


BSO Tasking 

1 28 Technology Center 

P.O. Box 9164 

Waltham, MA 02254-9164 

(617) 894-7800 (Telephone) 

(617) 894-0551 (Fax) 

(710) 324-0760 (Telex) 

(800) 458-8276 (Toll Free) 


MICROCONTROLLER DEVELOPMENT SYSTEMS 


PRODUCT 

DEVICES SUPPORTED 

NOHAU CORPORATION 


EMUL51-PC/E32 

1 2MH2 Emulator, 32k emulation memory 

EMUL51-PC/E128 

1 2MHz Emulator, 1 28k emulation memory 

EMUL51-PC/E32-16 

16MHz Emulator, 32k emulation memory 

EMUL51-PC/E1 28-16 

1 6MHz Emulator, 1 28k emulation memory 

EMUL51 -PC/El 28-20 

20MHz Emulator, 1 28k emulation memory 

EMU L51 -PC/E 128-24 

24MHz Emulator, 128k emulation memory 

EMUL51-PC/E1 28-30 

30MHz Emulator, 1 28k emulation memory 

EMUL51-PC/E128-33 

33MHz Emulator, 1 28k emulation memory 

EMU L51 -PC/E 128-BSW 

12MHz Emulator, 128k bankswitched CODE memory 

EMUL51-PC/E128-BSW-16 

16MHz Emulator, 128k bankswitched CODE memory 

EMUL51-PC/E256-BSW 

1 2MHz Emulator, 256k bankswitched CODE memory 

EMUL51-PC/E256-BSW-16 

1 6MHz Emulator, 256k bankswitched CODE memory 

POD-054 

1 2MHz 83C053, 83C054. 87C054 pod 

POD-61 

12MHz 8031 pod 

POD-C31 

12MHz 80C31 pod 

POD-C31-1 

16MHz 80C31 pod 

POD-C31-20 

20MHz 80C31 pod 

POD-C31-24 

24MHz 80C31 pod 

POD-C31^0 

30MHz 80C31 pod 

POD-C31433 

33MHz 80C31 pod 

POD-62 

12MHz 8032 pod 

POD-C32 

12MHz 80C32 pod 

POD-C32-16 

16MHz 80C32 pod 

POD-C652 

12MHz 80C652 pod 

POD-C652-16 

16MHz 80C652 pod 

POD-C51B 

1 2MHz bondout pod for 8051 . 80C51 . 83C552, 83C652, 83C654, 83C851 , 
and EPROM or ROMIess versions of the above 

POD-C51B-16 

16MHz bondout pod for 8051, 80C51, 83C552, 83C652, 83C654, 83C851, and EPROM or ROMIess 
versions of the above 

POD-C5 IB-24 

24MHz version of the above 

POD-C52 

12MHz 80C32, 80C52, 87C52 

POD-C52-16 

16MHz 80C32, 80C52. 87C52 

POD-CL410 

12MHz 80CL31, 80CL51, 83CL410, 83CL610 

POD-C451-DIP 

12MHz 80C451 DIP pod 

POD-C451-DIP-16 

16MHz 80C451 DIP pod 

POD-C451-PGA 

12MHz 80C451 PLCC pod (PGA from pod) 

POD-C451-PGA-16 

16MHz 80C451 PLCC pod (PGA from pod) 

POD-C451B-PGA 

1 2MHz bondout pod for 83C451 , 87C451 , 80C451 PLCC (PGA from pod) 

POD-C528 

12MHz 83C528, 87C528 

POD-C528-16 

16MHz 83C528, 87C528 
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MICROCONTROLLER DEVELOPMENT SYSTEMS (Continued) 


PRODUCT 

DEVICES SUPPORTED | 

NOHAU CORPORATION (Continued) | 

POD-C55C>-PGA 

12MHz 80C550. 83C550. 87C550 

POD-C550-PGA-16 

16MHz 80C550, 83C550,87C550 

POD-C552-PGA 

12MHz 80C552 PLCC (PGA from pod) 

POD-C552B-PGA 

12MHz bondout pod for 83C552. 87C552, 80C552 PLCC (PGA from pod), 80C562, 83C562 

POD-C552B-PGA-16 

16MHz bondout pod for 83C552. 87C552. 80C552 PLCC (PGA from pod). 80C562, 83C562 

POD-C552B-24 

24MHz pod for 83552, 87C552. 80C552 

POD-C575 

12MHz 87C575 

POD-CL580 

12MHz bondout POD for 83CL580 

POD-C592-PGA 

12MHz 80C592. 83C592. 87C592 pod 

POD-C592-PGA-16 

16MHz 80C592, 83C592, 87C592 pod 

POD-C652B 

Order as POD-C51 B 

POD-C851B 

Order as POD-C51B 

POD-C751 

12MHz 83C751, 87C751 pod 

POD-C751-16 

16MHz 83C751. 87C751 pod 

POD-C752 

1 2MHz 83C752, 87C752 pod 

POD-C752-16 

16MHz 83C752, 87C752 pod 

EMUL51-PC7rR4 

1 2MHz 4k trace buffer option 

EMUL51-PC/TR16 

1 2MHz 16k trace buffer option 

EMUL51-PC/TR4-16 

1 6MHz 4k trace buffer option 

EMUL51-PC/TR16-16 

1 6MHz 16k trace buffer option 

EMUL51-PC/TR16-20 

20MHz 16k trace buffer option 

EMUL51-PC/TR16-24 

24MHz 16k trace buffer option 

EMU LSI -PC/TRI 6-30 

30MHz 16k trace buffer option 

EMU L51-PC/TR 16-33 

33MHz 16k trace buffer option 

EMUL51-PC/ART64-16 

16MHz 64k Advanced Trace Option 

EMUL51-PC/ART256-16 

16MHz 256k Advanced Trace Option 

EMUL51-PC/ART64-24 

24MHz 64k Advanced Trace Option 

EMUL51-PC/ART256-24 

24MHz 256k Advanced Trace Option 

EMUL51-PC/ART64-33 

33MHz 64k Advanced Trace Option 

E M U L5 1 -PC/A RT256-30 

30MHz 256k Advanced Trace Option 

EMUL51-PC/BOX-M 

Box with serial port and modem 

EMUL51-PC/BOX-CS 

Serial box with emulator (El 28-16) and trace (TR16-16) 

EMUL51-PC/BOX-CS-20 

Serial box with emulator (El 28-20) and trace (TR16~20) 

EMUL51-PC/BOX-CS-24 

Serial box with emulator (El 28-24) and trace (TR16-24) 

E M U L5 1 -PC/BOX-CS-30 

Serial box with emulator (El 28-30) and trace (TR16-30) 

EMUL51-PC/BOX-S 

Box with serial port and cable. Box allows operation of emulator external to PC. 

METALINK CORPORATION 


IM-805 1/200-20 

iceMASTER-B051 emulator Model 200, 32K emulation memory, 20MHz 

IM^OS 1/400-20 

iceMASTER-8051 emulator Model 400, 32K emulation memory, 4K trace buffer, 

2 performance analyzers, 20MHz 

IM-805 1/400-24 

iceMASTER-8051 emulator Model 400, 128K emulation memory, 4K trace buffer, 

2 performance analyzers, 24MHz 

128KUP 

1 28K memory expansion option for iceMASTER-8051 

752/1 PGMPC 

Programmer accessory for iceMASTER to program 87C751 , 87C752 

8031-1 2PC 

0.5 to 12MHz8031,80C31 

8031-1 6PC 

0.5 to 16MHz 8031.80C31 

8031-20PC 

0.5 to 20MHz 8031,80C31 

8031-24PC 

0.5 to 24MHz 8031.80C31 

8032-1 2PC 

0.5 to 12MHz 8031, 80C31, 8032, 80C32 

8032-1 6PC 

0.5 to 16MHz 8031, 80C31, 8032, 80C32 

8032-20PC 

0.5 to 20MHz 8031, 80C31 , 8032, 80C32 
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MICROCONTROLLER DEVELOPMENT SYSTEMS (Continued) 


PRODUCT 

DEVICES SUPPORTED | 

METALINK CORPORATION (Continued) | 

8032-24PC 

0.5 to 24MHz 8032, 80C32. 8031 . 80C31 

8052-1 2PC 

0.5 to 12MH2 8031, 80C31. 8032, 80C32, 8051, 8751, 80C51, 87C51, 8052, 8752, 80C52, 87C52 

8052-1 6PC 

0.5 to 16MHz 8031, 80C31, 8032, 80C32, 8051, 8751, 80C51, 87C51, 8052, 8752, 80C52, 87C52 

80410-12PC 

0.5 to 12MHz 80CL410 

80451-1 2PC 

1.2to12MHz 80C451 

80451-16PC 

1.2 to 16MHz 80C451 

80528-1 2PC 

1.2to12MHz80C528 

80528-1 6PC 

1.2 to 16MHz 80C528 

80552-1 2PC 

1 .2 to 12MHz 80C552. 80C562 

80552-1 6PC 

1 .2 to 16MHz 80C552. 80C562 

80652-1 2PC 

1 .2 to 1 2MHz 8031 , 80C31 , 80C652 

80652-1 6PC 

1.2 to 16MHz 8031,80C31,80C652 

80851-12PC 

1.2 to 12MHz 8031, 80C31, 80C851 

83053-1 2PC 

6 to 1 2MHz 83C053. 83C054, 87C054 

83451-12PC 

1 .2 to 12MHz 80C451 . 83C451 . 87C451 

83528-1 2PC 

1 .2 to 12MHz 80C528. 83C528, 87C528, 83C524, 87C524 

83528-1 6PC 

1 .2 to 16MHz 80C528, 83C528, 87C528, 83C524, 87C524 

83550-1 OPC 

1 .2 to 10MHz 80C550, 83C550, 87C550 

83552-1 2PC 

1 .2 to 12MHz 80C552, 83C552, 87C552, 80C562, 83C562 

83552-1 6PC 

1 .2 to 16MHz 80C552, 83C552, 87C552. 80C562, 83C562 

83652-1 2PC 

1.2 to 12MHz 80C652, 83C652, 87C652, 80C552, 83C552, 87C552, 80C562, 83C562 

83652-1 6PC 

1 .2 to 16MHz 80C652. 83C652, 87C652, 80C552, 83C552. 87C552, 80C562, 83C562 

83654-1 2PC 

1 .2 to 12MHz 80C652, 83C652, 87C652, 83C654, 87C654, 80C552, 83C552, 87C552, 80C562, 83C562 

83654-1 6PC 

1 .2 to 16MHz 80C652, 83C652, 87C652, 83654, 87C654, 80C552. 83C552, 87C552, 80C562, 83C562 

8375 1-1 2PC 

0.5 to 12MHz 83C751 . 87C751 

8375 1-1 6PC 

0.5 to 16MHz 83C751 . 87C751 

83752-1 2PC 

0.5 to 12MHz 83C752. 87C752 
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Philips Semiconductors 80C51 -Based 8-Bit Microcontrollers 


Development support tools 


MICROCONTROLLER DEVELOPMENT SYSTEMS (Continued) 


PHILIPS SEMICONDUCTORS 

PROBE 1 


CTYPE 


SUPPORTS 

ADAPTER 

ADAPTER 

SUPPORTS 


Probe/ 
Probe base 

Probe Head 

DIL 

PLCC 

QFP 

Misc 


DIL 

PLCC 

QFP 

Core 

C51 

CMOS 

OM1092 










80C 1 

8XC 

053 

CMOS 

OM5054 


42 








8XC 

054 

CMOS 

OM5054 


42 

44 




42 

44 


80C 

31 

CMOS 

OM1092 

+ OM1097 

40 

44 



-rOM4117 

- 

- 

44 

80C 

51 

CMOS 

OM1092 

+ OM1097 

40 

44 



-I-OM4117 

- 

- 

44 

80C 

32 

CMOS 

OM1079 

+ OM5012 

40 








80C 

52 

CMOS 

OM1079 

-f-OM5012 

40 








8XC 

451 

C MOS 

OM4123 


- 

66 



+ OM4124 

64 

- 

- 

8XC 

528 

CMOS 

OM4110 

+ OM4111 

40 

44 



+ OM4117 

- 

- 

44 

8XC 

550 

CMOS 

OM4110 

+ OM5055 

40 

44 




40 

44 


8XC 

552 

C MOS 

OM1092 

+ OM1095 

- 

66 



-I-OM4118 

- 

- 

50 

8XC 

562 

CMOS 

OM1092 

+ OM1095 

- 

66 



-rOM4118 

- 

- 

50 

8XC 

575 

CMOS 











8XC 

592 

CMOS 

OM4110 

+ OM4112 

- 

66 







8XC 

652 

C MOS 

OM1092 

+ OM1096 

40 

44 



+ OM4117 

- 

- 

44 

8XC 

654 

CMOS 

OM1092 

+ OM1096 

40 

44 



-rOM4117 

- 

- 

44 

8XC 

750 

CMOS 











8XC 

751 

CMOS 

OM1094 


524 

28 



+ OM4117 

524 

28 


8XC 

752 

CMOS 

OM5072 


28 

28 




28 

28 


8XC 

851 

CMOS 

OM1092 


40 

44 



-I-OM4117 

- 

- 

44 

8XC 

852 

CMOS 

OM4119 

+ OM4118/1 

- 

- 

- 

cjess 









+ OM4118/2 

- 

- 

- 

Iso 









+ OM4118/3 

- 

- 

- 

minor 





80CE 1 

8XCE 

556 

CMOS 

OM4110 

+ OM4271 

- 

- 

- 

- 

-rOM4115 

- 

- 

60 

8XCE 

598 

CMOS 

OM4110 

+ OM4114 

- 

- 

- 

_ 

-rOM4115 

- 

- 

60 

8XCE 

654 

CMOS 

OM1092 

+ OM1096 

- 

- 

- 

- 

-1-OM4115 

- 

- 

44 

1 80CL 1 

80CL 

31 

SAC CMOS 

OM1079 


40 








80CL 

51 

SAC CMOS 

OM1079 


40 








80CL 

32 

SAC CMOS 

OM1079 

+ OM5012 

40 








80CL 

52 

SAC MOS 

OM1079 

+ OM5012 

40 








8XCL 

167/267 

SAC MOS 

0M1079 

+ OM4840 

S64 





S64 



8XCL 

168/268 

SAC MOS 

OM1079 

+ OM4840 

S64 





S64 



8XCL 

410 

SAC MOS 

OM1079 


40 





40 



8XCL 

411 

SAC MOS 

OM1079 


40 



64 P 





8XCL 

500 

SAC MOS 

OM1097 

+ OM 5004 

- 

- 

- 

conn. 


- 

- 

64 

8XCL 

751 

SAC MOS 

OM1079 

+ OM5012 

40 








8XCL 

752 

SAC MOS 

OM1079 

+ OM5012 

40 









March 1993 


1120 





Philips Semiconductors 80C51 -Based 8-Bit Microcontrollers 


Development support tools 


PROGRAMMER 



SUPPORTS 


ADAPTER 

SUPPORTS 

REMARKS 

Programmer 

OIL 

PLCC 

QFP 

Mfsc 

Adapter 

DIL 

PLCC 

QFP 













80C 


OM4232 

OM4232 

OM4231 

OM4232 

OM4231 

OM4232 

OM4232 

OM4232 

OM4231 

OM4231 

OM4231 


42 

42 


40 


40 


40 

40 


40 

40 

XX 

XX 

XX 


44 

44 

44 

66 

44 

44 

66 


44 

44 

XX 

XX 

XX 


OM4236 

OM4236 

OM4236 

OMXXXX 

OM4235 

OM4236 

OM4236 


44 

44 

44 

80 

65 

44 

44 


Attention: 87C562 does not exist 


Attention: The 87C652 is in fact a 87C654 marked 
as 87C652 


Attenton: The 87851 dies not exist 


80CE 













- 

- 

- 

OMXXXX 

- 

- 

80 

MTP verson is 89CE558 

(OM4232 7) 

- 

- 

44 

- 

OM4237 

- 

- 

80 


80CL 

1 

1 

1 1 

1 1 

1 i 

1 1 

1 1 

1 1 

1 


Attention: no erasable versions but “piggybacks" 
(P85CL000, P85CL580. P85CL781) 
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Philips Semiconductors 80C51 -Based 8-Bit Microcontrollers 


Development support tools 


EPROM MICROCOMPUTER PROGRAMMING SUPPORT 


DEVICE 

MANUFACTURER/MODEL 

MODULE/ADAPTOR 

SOFTWARE VERSION 

87C054 SDIP 

N. Valley Products 

SAM-054SD 



Philips, Ceibo MP-51 

PPA-054SD 


87C51 DIP 

Advin Sailor-PAiySA, /SB 

BP Microsystems EP-1140 

Adaptor-8751 



Ceibo MP-51 (PMP51SD) 

Data I/O Unisite 40 

PPA-51XSD 

V2.2 


Data I/O Unipak 2b 

351B103 

V16 


Data I/O Series 1000 

SR40 

V05 (Use Intel 87C51 menu) 


Logical Devices ALLPRO 


VI. 47 


N. Valley Products SPGM-100 

Philips LCPX5X40 (P8051LCP40) 

SAM-5 1SD 

V1.0 


Strebor PLP-S1A 

MC4851DIP 


87C51 PLCC 

Ceibo MP-51 (PMP51SD) 

PPA-51XSD 



Data I/O Unisite 40 

Chipsite 

V2.3 


Data I/O Unipak 2b 

351B103P 

V16 


Logical Devices ALLPRO 

Required 

VI. 47 


N. Valley Products SPGM-100 

Philips LCPX5X40 (P8051 LCP40) 

SAM-51 ASD 

VI .0 

87C52 DIP 

BP Microsystems EP-1140 

Ceibo MP-51 (PMP51SD) 

PPA-XSD 



Data I/O 29B. Unipak 2b 

351B103 

V23 


Data I/O Unisite 40 

N. Valley Products SPGM-100 

Philips LCPX5X40 (P8051 LCP40) 

SAM-52SD 

V3.1 

87C451 DIP 

Ceibo MP-51 (PMP51SD) 

PPA-451SD 



Logical Devices ALLPRO 

PPRequired 

VI. 47 


N. Valley Products SPGM-100 

SAM^SISD 

VI .0 

87C451 PLCC 

Advin Sailor-PAUSA, /SB 

Adaptor-87451 



Ceibo MP-51 (PMP51SD) 

PPA-451ASD 



N. Valley Products SPGM-100 

SAM-451 ASD 

V1.0 


Data I/O Unisite 

Philips LCPX5X (P8051 LCPX) 

Chipsite 

V2.8 

87C528 DIP 

BP Microsystems EP-1140 

Ceibo MP-51 

PPA-XSD 



N. Valley Products SPGM-100 

Philips LCPX5X40 (P8051 LCP40) 

SAM-528 


87C528 PLCC 

Ceibo MP-51 (PMP51SD) 

PPA-51XSD 



N. Valley Products SPGM-100 

Philips LCPX5X40 (P8051 LCP40) 

SAM-528A 


87C552 

Ceibo MP-51 (PMP51SD) 

PPA-552ASD 



N. Valley Products SPGM-100 

SAM-552ASD 

V2.2 


Data I/O Unisite 

Philips LCPX5X (P8051LCPX) 

Chipsite 

V3.1 

87C652 DIP 

BP Microsystems EP-1140 

Ceibo MP-51 

PPA-51XSD 



N. Valley Products 

Philips LCPX5X40 (P8051 LCP40) 

SAM-52SD 


87C652 PLCC 

Ceibo MP-51 (PMP51SD) 

Philips LCPX5X40 (P8051 LCP40) 

PPA-51XSD 


87C654 DIP 

BP Microsystems EP-1140 

Ceibo MP-51 (PMP51SD) 

PPA-51XSD 



N. Valley Products SPGM-100 

Philips LCPX5X40 (P8051 LCP40) 

SAM-654SD 


87C654 PLCC 

Ceibo MP-51 (PMP51SD) 

Philips LCPX5X40 (P8051 LCP40) 

PPA-51XSD 
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Philips Semiconductors 80C51 -Based 8-Bit Microcontrollers 


Development support tools 


EPROM MICROCOMPUTER PROGRAMMING SUPPORT (Continued) 


DEVICE 

MANUFACTURER/MODEL 

MODULE/ADAPTOR 

SOFTWARE VERSION 

87C751 DIP 

Advin Sailor- PAL/S A, /SB 

BP Microsystems EP-1140 

Ceibo MP-51 (PMP51SD) 

Data I/O Unisite 40 

EM-751 

HEAD-40A 

PPA-751SD 

V2.3 


Data I/O 29B, Unipak 2b 

351B113D 

29B V6. Unipak 2B V20 


Logical Devices ALLPRO 

OPTAPC-751 

VI .47 


N. Valley Products SPGM-100 

Needham's Electronics 

SAM-751 SD 

VI .0 


MetaLink 

Logical Systems (Sunshine EW-901) 

Philips LCPX5X (P8051 LCPX) 

Strebor PLP-S1A 

752/1 PGMPC 

PA751 

MC7512DIP 

V2.6a (use with MicrolCE+) 

87C751 PLCC 

Ceibo MP-51 (PMP51SD) 

PPA-51XSD 



Data I/O Unisite 40 

Chipsite 

V2.6 


Logical Devices ALLPRO 

Required 

VI .47 


N. Valley Products SPGM-100 

SAM-75 1ASD 

V1.0 

87C752 DIP 

Advin Sailor-PAiySA, /SB 

BP Microsystems EP-1140 

Ceibo MP-51 (PMP51SD) 

Data I/O UnIsite 40 

EM-751 

HEAD-40A 

PPA-752SD 

V2.6 


N. Valley Products SPGM-100 

Needham’s Electronics 

SAM-752SD 

V1.0 (Use Type 751) 


MetaLink 

Logical Systems (Sunshine EW-901) 
Logical Devices ALLPRO 

Philips LCPX5X (P8051LCPX) 

Strebor PLP-S1A 

752/1 PGMPC 

PA751 

OPTAPC-752 

MC7512DIP 

V2.6a (use with MicrolCE+) 

87C752 PLCC 

Ceibo MP-51 (PMP51SD) 

PPA-752ASD 



Data I/O Unisite 40 

Chipsite 

V2.8 


N. Valley Products SPGM-100 

SAM-752ASD 

VI .0 (Use Type 751) 


NOTE: 


Philips programmers are available in the U.S. through SignOtiCS?? distributors. 
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Philips Semiconductors 80C51 -Based 8-Bit Microcontrollers 


Development support tools 


ADDITIONAL PROGRAMMING SUPPORT 


DEVICE 

MANUFACTURER 

MODULBADAPTOR 

COMMENTS 

87C51/52/652/ 
654/528 PLCC 
87C51 752/652/ 
654/528 QFP 
87C451 DIP 
87C451 PLCC 
87C550 DIP 
87C550 PLCC 

87C552 PLCC 
87C752 PLCC 

Logical Systems 

PA51-44 

PA52-QFP 

PA451^4 

PA451-68 

550BASE 

PA550-44 

PA552-68 

PA28-28 

Use with any 40-pin microcontroller programming site that supports the 
appropriate EPROM size. 

Use with any 40-pin microcontroller programming site that supports the 
appropriate EPROM size. 

Use with any 87C51 40-pin programming site. 

Use with any 87C51 40-pin programming site. 

Use with any 87C51 40-pin programming site. 

Use with any 87C51 40-pin programming site. 

Use with any 8752/C52/C252/C51 FA 40-pin programming site. 

Use with any 87C752 28-pln DIP programmer. 

87C751 PLCC 

Philips 

No part number 
assigned 

This adapter allows programming the 87C751 PLCC part In conjunction 
with any programmer that can already program the DIP version of the part. 


MICROCONTROLLER SUPPORT 


PRODUCT 

DEVICES SUPPORTED 

MANUFACTURER 

DESCRIPTION 

8051 C Compiler 
8051 C Compiler 
80C51 C Compiler 

8051 and derivatives 

8051 and derivatives 

8051 and derivatives 

Franklin Software 
Archimedes Software 
BSO/TaskIng 

C Compiler for 8051 family 

C Compiler for 8051 family 

C Compiler for 8051 family 

P8051 DB 

8051 and derivatives 

Celbo 

80C51 Family Development Board 

S87C00KSD 

— 

Philips 

I^C Demonstration Board. 87C751 controls various I^C 
peripherals. Board has sockets for 87C752, 87C652, and 

87C552 also. 



Philips 

The Philips computer Bulletin Board system has available a 
microcontroller newsletter, application and demonstration 
programs for download, and the ability to send messages to 
microcontroler applications engineers. Access by modem at 

2400, 1200, or 300 baud. The telephone numbers are: 

(800) 451-6644 (in the U.S.) or (408) 991-2406. 

SMI-CNV451SD 

80/83/87C451 

Philips 

Philips product adapts a PLCC emulator plug for the 80C451 to 
the DIP pinout. 
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DB-51 

CEIBO Development Board 


1125 


DB-51 is a high-performance system design board dedicated to the Philips 80C51 family of microcontrollers. It provides an 
easy-to-use flexible instrument which enables the user to build a primary prototype, analyze and debug it, make changes, and 
continue debugging. And you can improve your design decisions by using the DB-51 to check and test the advantages of 
several different microcontrollers. The DB-51 Is also a great training and tutorial aid for becoming familiar with designs using the 
80C51 architecture. Note that the DB-51 Is not intended to replace a full emulator system in complex microcontroller designs. 


• Supports most of the Philips 80C51 
derivative microcontrollers 

• Serially linked to IBM PC or 
compatible hosts 

• 32K of user code memory 

• Software breakpoints 

• Examine and alter chip registers, 

RAM, and ports 

• Symbolic debugger compatible with 
linker object files 

• Source Level Debugger for 
Assembler, PLM and C. 

• Software Trace and Performance 
Analyzer 

• Upload and download of object and 
hex files 

• Special wire-wrap area for prototyping 

• User’s manual with examples and 
applications designed to familiarize 
the user with 8XC51 architecture and 
programming as well as the use of the 
DB-51 itself 




SPECIFICATIONS 




The DB-51 is a Development Board Kit to be used with a 
standard IBM-compatible. It includes the board itself, 
software, and user manual. 

1 


System Memory 

DB-51 provides 32K of user code memory. This RAM 
memory permits downloading and modifying of users’ 
programs. 

Breakpoints 

Breakpoints allow real-time program execution until an 
opcode is executed at a specified address. 

Symbolic Debugger 

DB-51 allows symbolic debugging of assembler or high-level 
languages. The symbolic debugger uses symbols contained 
in the absolute file generated by the most commonly used 
relocator and linker programs. 

Supported Microcontrollers 

8X31/51, 8X32/52, 8XC31/51, 8XC32/52, 8XC652, 8XC654, 
8XC851, 8XC550. 8XC552, 8XC562. 8XC451. 8XC528, and 
others with external memory addressing and a DART are 
fully supported. 8XCL410. 8XC751 and 8XC752 have very 
limited support. 

Limitations 

“Fully supported” microcontrollers are self -debugging on the 
DB-51 . Thus, some of the chip resources are used by the 
board: the monitor program uses the bottom 32K of program 
memory; chips are always operated in the external memory 
mode; the DART is used to communicate to the PC and is 
thus not normally available to the user program; interrupt 
response is slowed slightly by re-vectoring from the monitor 


program to the user program; use of watchdog timers and 
power-down and idle modes of operation are limited due to 
interaction with the monitor program. 

“Limited support” microcontrollers do not have on-chip 
UARTs and most do not support external program memory. 
Thus, download of programs to these parts is not supported 
on the DB-51 . The 87C751 provided with the board is 
pre-programmed with a “micro” monitor program and some 
predefined experiments described in the user manual. Also, 
these parts use the PC bus to communicate to the PC, 
limiting the use of PC for other purposes. 

User Software 

The board is provided with a very easy-to-use menu-driven 
software program as well as command oriented user 
interface software. On-line assembler and disassembler are 
provided together with upload and download capabilities of 
hexadecimal and object files. 

Command Set 

ASM - BIT - BYTE - BREAKPOINT [enable, disable, reset] 

- CHIP [type] - CLS - CODE - DATA - DASM - DEFAULT 

- DIR - EVALUATE - EXIT - GO [from, till] - HALT - HELP 

- HISTORY - LINES - LIST [file] - LOAD [code, symbols] - 
LOCALS - MODULES - PORTS - PROCEDURES - 
PUBLICS - RBIT - RBYTE - REGISTERS - RESET - 
SAVE - SOUND - STATUS - STEP [n] - TIME 

Host Characteristics 

IBM PC/XT/AT or compatible system with 512 kbyte of RAM, 
one floppy disk drive, one RS-232 interface board for the PC 
and cable, PC-DOS 2.0 or later. 

Input Power 

7.5 VDC to 12.0 VDC (9 VDC wall transformer supplied). 

Mechanical Dimensions 

20 cm X 25 cm 

Items Supplied as Standard 

DB-51 board, 80C552 and 87C751 microcontrollers, monitor 
EPROM, power supply, RS-232 cable. 

User software Including symbolic debugger, on-line 
assembler and disassembler. 

User’s manual and operating instructions. 


ORDERING INFORMATION 

Order part number P8051 DBSD from your 
local Philips Semiconductors Distributor. 


For more information, contact us today: (800)447-1500, ext. 737. 
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DS-51 

CEIBO In-Circuit Emulator 


DS-51 is a real time in-circuit emulator that supports the new low-power and low- voltage 8051 microcontrollers and 
derivatives. 

The system can emulate the microcontrollers using either the built-in 5V power supply or any voltage applied to the 
target circuitry. This selection is done by means of software control. The permitted voltage range is 1.5V to 6V or 
higher. 

DS-51 emulates almost every 8051 derivative in the complete voltage and frequency range specified by the 
microcontroller manufacturer. 

The supported microcontrollers are: 8031/2, 80C31/2, 80CL31/2, 80C51/2, 87C51/2, 8X51FA/B, 8XCL410, 8XC524, 
8XC528, 8XC550, 8XC552, 8XC562, 8XC575, 8XCL580, 8XC592, 8XC652, 8XC654, 8XCL781, 8XC851 and others. 

DS-51 features a Real-Time Trace, Conditional Breakpoints, a unique Assembler Source Level Debugger, Source 
Level Debugger for PLM and C, Performance Analyzer, On-Line Assembler and Disassembler and many more useful 
software functions. 

DS-51 is serially linked to a host IBM PC or compatible computer. The RS-232 interface operates at 115 KBaud. 


FEATURES 


Real time and transparent in-circuit 
emulator. 

Supports most of the 8051 family of 
microcontrollers. 

Source Level Debug for Assembler, 
PLM and C. 

128k of internal memory. 

64k hardware breakpoints and 
conditional breakpoints. 

32k trace memory and logic 
analyzer with external test points. 

Emulates microcontrollers operating 
from 1 .5 V to 6V and up to 42MHz. 




SPECIFICATIONS 


EMULATION MEMORY 

DS-51 provides 128KBytes of emulation memory with 
software mapping capabilities. 

HARDWARE BREAKPOINTS 
Up to 64K hardware breakpoints allow real time 
program execution until an opcode or a program line 
is executed at a specified address. 

CONDITIONAL BREAKPOINTS 
A complete set of conditional breakpoints permits 
halting program execution on code addresses, source 
code lines, access to external data, port and register 
contents, etc.. 

TRACE AND LOGIC ANALYZER 
The 32K deep trace memory is used to record 
microprocessor activities and user selectable test 
points. Edge and level trigger inputs are available for 
starting and stopping the trace recording. The trace 
buffer can be viewed in disassembled symbolics, 
frames or high level language source code. 

PERSONALITY ADAPTERS 
DS-5 1 uses standard and bond-out microcontrollers for 
hardware and software emulation. The selection of 
different microcontrollers is done by replacing the 
microcontroller on the adapter or, in other instances, 
by changing the adapter. The microcontrollers run at 
the frequency of the crystal installed on the adapter or 
using the clock source supplied by the target 
hardware. 


SOURCE LEVEL DEBUGGER 
DS-51 offers full support for debugging directly in 
Assembler, PLM and C source code. From your 
source code screen you can specify a breakpoint, 
execute a line step or an assembly instruction, open a 
flexible-in-size watch window to display any variable, 
use the function keys to display the trace memory as 
well as registers and data, redefine the Program 
Coimter and reset the microprocessor. 

LANGUAGES AND FILE FORMATS 
DS-51 accepts files generated by Intel software 
(Assembler, PLM) or C compilers and assemblers that 
generate Intel compatible hex or object format. 

COMMAND SET 

The available functions include: FILE (load, save), 
DEBUG (go, halt, reset, source level debugger, 
breakpoints), MODIFY (code, data, bit, byte, registers, 
ports, assembler, disassembler), VIEW (watch 
window, publics, locals, modules, procedures, lines, 
symbols, file, dir), TRACE (frames, instructions, 
source lines, mask), SETUP (default, map, chip, base, 
comm port). 

HOST CHARACTERISTICS 

IBM PC or compatible system with 640KBytes of 

RAM, one serial port, DOS version 2.0 or later. 

INPUT POWER 

85VAC to 265VAC, 50Hz to 60Hz. This makes the 
unit suitable for any country outlet. 


CEIBO 

1 BALLARD TERRACE 
LEXINGTON, MA 

USA 

TEL: 617-863 9927 

FAX: 617-863 9649 

RHEINSTRASSE 32 

6100 DARMSTADT 
GERMANY 

TEL: 6151-9932-0 

FAX: 6151-993299 


MASKIT 5 - P.O.BOX 2106 
HERZELIA 46120 

ISRAEL 

TEL: 972-52-555387 

FAX: 972-52-553297 

CALLE JOSUE LILLO 41 
MADRID 28018 

SPAIN 

TEL: 91-477 89 95 

FAX: 91-477 90 75 


DS-752 

CEIBO Emulator 


DS-752 is a real-time, high performance microcontroller development system dedicated to the 8XC751/8XC752 single-chip 
microcontrollers. It provides an easy-to-use and flexible instrument which reduces the development and debugging cycle and 
enables the user to solve hardware and software problems quickly and efficiently. It operates with an IBM PC or compatible 
computer and carries out complete real-time and transparent emulation of the target CPU. 


• Real time and transparent in-circuit 
emulator 

• Supports Philips 83C751/83C752 and 
87C751/87C752 microcontrollers 

• Symbolic Debugger compatible with 
Intel object files 

• Source Level Debug for C and PLM 

• Source Level Assembler Debugger 

• 2K hardware breakpoints and 
conditional breakpoints 

• 2Kof internal memory 

• 64K Software Trace 





♦ Performance Analyzer 


• Serially linked to IBM PC or 
compatible hosts 

• On-line Assembler and Disassembler 


• Easy to follow pull-down menus and 
windows 


PC-DOS, PC/XT/AT are trademarks of IBM. 

IBM is a registered trademark of IBM Corporation. 
Intel is a registered trademark of Intel Corporation. 
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SPECIFICATIONS 


Emulation Memory 

DS-752 provides 2KBytes of code memory. 

Hardware Breakpoints 

Up to 2,048 hardware breakpoints allow real-time program 
execution until an opcode is executed at a specified address 
or line of your source code. 

Conditional Breakpoints 

A complete set of conditional breakpoints permits halting 
program emulation on code addresses, source code lines, 
access to on-chip memory, port and register contents. 

Software Analyzer 

A 64 KByte buffer is used to record any software and 
hardware events of your program, such as executed code, 
memory accesses, port and internal register states, on-chip 
data memory and others. The trace buffer can be viewed in 
disassembled symbolics, or high level language source 
code. Trace recording is not carried out in real-time. 

Symbolic Debugger 

DS-752 allow symbolic debugging of assembler or high-level 
languages. The symbolic debugger uses predefined port and 
register names, and the symbols contained in your software, 
like labels, variable names, line numbers and others. 

Source Level Debugger 

DS-752 gives full support for debugging directly in 
assembler, PLM and C source code. From your source code 
screen you can specify a breakpoint, execute a line step or 
an assembly instruction, open a flexible-in-size watch 
window to display any variable, use the function keys to 
display the trace memory, registers and data, redefine the 
Program Counter, and reset the microprocessor. 

Languages and File Formats 

DS-752 accepts files generated by Intel software 
(Assembler, PLM) or compatibles in hex or object format. 
Other assemblers and high-level languages such as C with 
Intel compatible format (Franklin, Archimedes, lAR, etc.) are 
also supported. 

Personality Adapters 

DS-752 uses standard microcontrollers for hardware and 
software emulation. The selection of a different 
microcontroller is made by software commands and using a 
supplied socket adapter. The systems run at the frequency of 
the crystal on them or from the clock source supplied by the 
user hardware. Therefore, the same system may be adapted 
to your frequency requirements. 


The minimum frequency is determined by the emulated chip 
characteristics, while maximum frequency for standard 
probes is 1 6MHz. 

Supported Devices 

83C751, 87C751. 83C752, 87C752. 

Command Set 

The available functions include: FILE (load, save), DEBUG 
(go, halt, reset, source level debugger, breakpoints), 
MODIFY (code, byte, registers, ports, assembler, 
disassembler), VIEW (watch window, publics, modules, 
procedures, lines, symbols, file, dir), ANALYZER (conditional 
breakpoints, software trace, event watch), SETUP (default, 
chip, base, rs-232 port). 

Host Characteristics 

IBM PC/XT/AT or compatible system with 640 KBytes of 
RAM, one floppy disk drive, one RS-232C interface card for 
the PC, PC-DOS 2.0 or later. 

Input Power 

7.5VDC to 12VDC or 5VDC/500mA from the user circuit. 

Mechanical Dimensions 

1 ” X 5” X 6” (2.4 cm X 1 3 cm X 1 5 cm). 

Items Supplied as Standard 

In-circuit emulator with 2 KByte breakpoints, 2 KByte Internal 
Code Memory. Personality adapter for 24-pin DIP 
microcontrollers. User Software including source level 
debugger, on-line assembler and disassembler. User’s 
Manual and Operating Instructions. RS-232 Interface Cable. 
9 VDC wall transformer. 

Warranty 

Six months limited warranty; parts and labor. 

Ordering Information 


Pan No: P752EM SD 


Available through Philips distributors. 
12NC: 9350-554-10602 


For more information, cali: (800)447-1500, ext. 737 
for the number of your nearest Phiiips Semiconductors Sales Office. 
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MP-51 

CEIBO Programmer 


MP-51 is an EPROM, PLD and Microcontroller Programmer dedicated to standard 24 to 32-pin EPROMs, all of the 
microcontrollers belonging to the 8051 family, and high density PLDs. Its modern design provides a powerful low-cost and high 
performance instrument, easy to use and conveniently sized. 

MP-51 operates with an IBM PC/XT/AT or compatible personal computer, and carries out a set of powerful functions on the 
selected device. An RS-232 interface is used to link MP-51 to a PC. 

The unit consists of the instrument and adaptors. The adaptors may be replaced to suit the user’s requirements. Adapters are 
available for all the possible packages such as DIP, QFP, LCC and PLCC. 

MP-51 software handles a PC Memory Buffer where code is loaded from a disk or filled with the contents of a device. 
Furthermore, this buffer may be saved on a disk file, parts of the buffer can be moved from one location to another, filled with a 
constant, or modified by the user. The Memory Buffer can be displayed, and finding values or strings in it is possible. 

Before programming, MP-51 checks if the installed adapter is compatible with the device type selected by the user. This test is 
done before programming any device. 

MP-51 has the capability to check if the device is totally erased, and can also compare if the contents of the plugged device are 
equal to the contents of the Memory Buffer. Address range can be specified for both operations. 

MP-51 allows to enable or disable the PLD or Microcontroller security capabilities and handles the Lock Bit 1 , Lock Bit 2, Lock 
Bit 3 and Encryption Table available in several Microcontrollers. 


• High quality EPROM, PLD and 
Microcontroller Programmer 

• Serially linked to IBM PC/XT/AT or 
other compatible host computers 

• Loads/Saves Hex, Binary, Object and 
JEDEC files to and from disk 

• Easy to follow windows and pull-down 
menus 

• Supports 24 to 32-pin EPROMs, 
several PLDs and all Philips PSD 
devices, members of the 8051 and 
80C51 family of Microcontrollers 

• Programs Lock Bits, Encryption Tables 
and Security Bits 



PC-DOS. PC/XT/AT are trademarks of IBM. 

IBM Is a registered trademark of IBM Corporation. 
Intel is a registered trademark of Intel Corporation. 
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SPECIFICATIONS 


Supported Devices 

EPROMs: 2716, 2732, 2764, 27128, 27256, 27512, 27010, 
27040, both NMOS and CMOS versions for all the available 
programming voltages. 

Microcontrollers: 8751 H, 8751 BH, 87C51. 87C51FA/B/C, 
87C52. 87C451, 87C528. 87C550. 87C552, 87C562. 
87C575, 87C592, 87C652. 87C654, 87C751, 87C752, 
87C054-MT and others. 

PLDs: AT22V10, ATV750. ATV2500. ATV5000. 

PSD Devices; PSD3XX 

File Formats 

MP-51 loads different file formats; 

- Intel Hex files and Motorola S-records 

- Binary files 

- Object files 

- JEDEC files 

It saves portions of memory in Intel Hex, Binary and JEDEC 
formats. 

Command Set 

The available functions include; TYPE, BLANK CHECK, 
SECURITY, PROGRAM, LOAD, SAVE, READ, VIEW, 
COMPARE, CHECKSUM, FILL, MOVE, MODIFY, 
DIRECTORY, CHANGE DIR, TEXT FILE, DUMP, QUIT. 

Host Characteristics 

IBM PC/XT/AT or compatible system with 512 KBytes of RAM, 
one floppy disk drive, one RS-232 interface card for the PC, 
PC-DOS 2.0 or later. 

Input Power 

85 VAC to 263VAC, 50Hzto 60Hz. That makes this unit suitable 
for any country outlet. 

Mechanical Dimensions 

MP-51 is 155mm long, 60mm high, and 250mm wide. 


Adapters and Supported Devices 

The following list partially shows which adapter should be used 
for the different supported devices; 


PPA-EPROM 

28-Pin DIP 

271 6 to 27512 
NMOS and CMOS 

PPA-51X 

40-Pin DIP 

8751 H. 8751 BH, 
87C51,87C52, 
87C528, 87C550, 
87C652, 87C654 

PPA-51XASD 

44-Pin PLCC 

8751 H, 8751 BH, 
87C51,87C51, 
87C528, 87C652, 
87C654 

PPA-751SD 

24-Pin Skinny DIP 

87C751 

PPA-751ASD 

28-Pin PLCC 

87C751 

PPA-752SD 

28-Pin DIP 

87C752 

PPA-752ASD 

28-Pin PLCC 

87C752 

PPA-451SD 

64-Pin DIP 

87C451 

PPA-451ASD 

68-Pin PLCC 

87C451 

PPA-552ASD 

68-Pin PLCC 

87C552, 87C562 

PPA-550ASD 

44-Pin PLCC 

87C550-PLCC 

PPA-592ASD 

68-Pin PLCC 

87C592 

PPA-054SD 

42-Pin Shrink DIP 

87C054-MTV 


Items Supplied as Standard 

MP-51 Programmer. User software. User’s Manual. RS-232 
cable and adapters. Power cord is not included. 

Warranty 

Six months limited warranty; parts and labor. 

Ordering Information 

PMP-51 SD (includes PPA-51X adapter) 

Available through Philips distributors. 


For more information, call: (800)447-1500, ext. 737 
for the number of your nearest Philips Semiconductors Sales Office. 


1132 







y 


y 




»RODUCT DESCRIPTION 

"he unique iceMASTER-PE packs an advanced fea- 
Lire set into a tiny, palm-sized package that any engineer 
[an afford. Designed for demanding projects, 
ceMASTER-PE supports frequencies up to 40 MHz 
vith a full complement of emulation memory, external 
lata memory, and a transparent trace buffer 16K 
Irames deep with advanced searching capabilities. The 
Intire emulator plugs directly into the target applica- 
lion or operates in a stand-alone mode. 

The iceMASTER-PE is the world’s most portable emu- 
lator because the emulator and probe electronics are 
)oth integrated into a pocket-able package about the 
iize of a PC mouse. To achieve this dramatic break- 
hrough in the size and cost of high-performance emu- 
ation, MetaLink invented a new emulation system 

A rchitecture, Advanced Emulator Technology (AET, 
atent pending). 

The iceMASTER-PE’s windowed user interface 
ielivers the highest development productivity and is 
^asy to learn and easy to use, due to context-sensitive 
tiypeitext and hyperlinked help system. This powerful, 
productive interface gives the user total control and 
lexibility in the configuration of the size, position, con- 
|tent, and color of each window. 

he iceMASTER-PE includes a full symbolic and source- 
pevel debugger for Assemblers and Compilers. The 
emulator supports all 9 of the most popular 8051 
Assemblers and Compilers. 

The iceMASTER-PE sets the new standard for excel- 
llence and portability in 8051 family emulation. 


MetaLink Corporation 
325 E. Elliot Road 
Chandler, AZ 85225 

I® 7 992 MetaLink Corporation 


Phone: (602)926-0797 
Phone: (800)638-2423 
Fax: (602) 926-1198 

1 042-0001992 ITP 



KEY CHARACTERISTICS 

□ Supports 8031, 8032, C501 and 8XC751/752 

□ Supports 8051 family devices up to 40MHz 

□ Full-Featured, Real-time & Transparent Emulator 

□ Emulator and Probe electronics integrated into a 
single package only 3" x 4" x 1" 

□ Plugs directly into target applications or operates in a 
stand-alone mode 

□ Based on patent-pending AET system architecture 

HARDWARE CAPABILITIES 

□ 64K Program & 64K External Data Memory 

□ 16K frame trace buffer 

□ View trace while executing 

□ 128K hardware breakpoints 

□ 64K Trace ON/OFF triggers 

□ Integrated diagnostic self-test capability 


SYSTEM FEATURES 

□ PC-hosted via RS-232 serial link 

□ Efficient, powerful, easy to learn 

□ User control of window size, content & color 

□ Supports third party Assemblers & Compilers 

□ Full Symbolic & Source-Level debug 

□ Complete system - includes Emulator, 

8051 Macro Cross Assembler, 

RS-232 cable & power supply 



METALINK CORPORATION 


(602) 926-0797 


FAX (602) 926-1198 


FLEXIBLE, EASY-TO-USE INTERFACE 


iceMASTER has an advanced, windowed user inter- 
face that emphasizes ease of use. Each window can be 
sized, moved, highlighted, scrolled, color-controlled, 
added, or removed completely. iceMASTER provides 
pull-down and pop-up menus, function keys, and con- 
text-sensitive help. The contents of any memory space 
may be perused and altered directly from the appropriate 
window using the keyboard or a mouse. 

You have immediate access to the hypertext/hype 
linked, context-sensitive, on-line help system which 
clearly explains what your options are (at any detail 
level you choose), keeping you productive. There is 
even a HELP-FOR-HELP feature. Whether you are 
beginning your first design project, or are a veteran 
designer searching for the fastest possible debugging 
method, you will appreciate the EASE-OF-USE features 
designed into iceMASTER. 

Novices can navigate smoothly through a debugging 
session by accessing the commands and menus as stan- 
dard pull-downs. Experienced designers can instanta- 
neously pop-up their menu of choice by using redefin- 
able hot keys. 
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DECREASED DEVELOPMENT TIME 

Your iceMASTER source window accelerates the 
debugging process with Dynamically Annotated Code. 
When single-stepping, instruction execution information 
is displayed and retained next to each instruction. You 
can clearly see the data behind your program's flow, 
including contents of all accessed (read or write) memo- 
ry locations and registers, as well as flow-of-control 
direction change markers. A moving color bar indicates 
the current position in the program as it executes. 

At your option, the iceMASTER source window 
allows operations on three different views of code 
memory: disassembled instmctions, instmctions mixed 
with High Level Language (HLL) source statements, or 
HLL source only. 

HLL source statements and symbolic disassembly 
information are also displayed when you disassemble 
the program or view the trace buffer. 






METALINK CORPORATION 


(602) 926-0797 


FAX (602) 926-1198 


THE COMPLETE DEBUGGER 


The trace buffer captures data in real-time. Trace 
information consists of address and data bus values 
and user-selectable probe clips. You can view the 
trace buffer data through several display filters: raw 
hex, disassembled instructions, instructions mixed 
with HLL source statements, or HLL source only. 
You can display the probe clip bit values in binary, 
hex, or digital waveform formats. 

You can trigger the trace to begin capturing data on 
all instructions leading up to a breakpoint, around 
(before and after) a breakpoint, or following a break- 
point. Capture filtering allows you to focus attention 
only on areas of interest, eliminating clutter. 

To further speed your design process, an integrated 
search mechanism allows you to locate any label, HLL 
source line number, or address in the trace buffer in 
either the backward or forward direction. The days of 
manually scanning or post-processing a large buffer of 
trace data are gone! 

If you WRITE your program in a HLL, you should 
be able to DEBUG it that way - iceMASTER lets you 
do just that! 
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IMPROVING THE QUALITY OF YOUR 
PRODUCT: FINDING THE HOT (OR 
NOT SO HOT) SPOTS 

iceMASTER emulators (Model 400 & PE) provide a 
PERFORMANCE ANALYZER that allows you to 
monitor the time spent executing specific portions of 
your program to find "hot spots" or "dead code." You 
can define and analyze memory areas based on code 
address, module, line number or label ranges. 

You can view results dynamically during emulation 
or later for a more detailed analysis. You can toggle the 
display from bar graph format to actual frequency 
counts, and you can filter the level of detail in the dis- 
played results to include raw data, code labels, and/or 
HLL source statements. 

iceMASTER Model 400 provides an additional Per- 
formance Analyzer that is the absolute best in the indus- 
try for tuning and testing your code. It is very flexible 
and far more accurate than most other emulators, with a 
resolution of less than six microseconds. You can define 
and analyze up to 15 memory areas and each of these 15 
memory areas can consist of non-contiguous, logically 
related subranges, (e.g. groupings of related functions 
which are not necessarily contiguous in memory). 
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METALINK CORPORATION 


(602) 926-0797 


FAX (602) 926-1198 


FINDING THAT BUG 

You have access to as many as 128K breakpoints 
and 64K tracetriggers. These triggers can be enabled, 
disabled, set or cleared. Simple triggers are based on 
code or external data addresses or address ranges. 
Simple breakpoints can be set or cleared directly in 
the source window at disassembled instructions or 
HLL source statements. 

Breakpoints can also be complex triggers, based on 
code address, direct address, bit address, opcode value, 
opcode class or immediate operand. Complex triggers 
can be ANDcd and ORed together. 

Finding that elusive bug is now much easier! 




SMALL AND POWERFUL 

Some companies design emulators that use one or two 
full size PC expansion board slots. These companies 
take it for granted that you have the "right" kind of 
PC, that you don't need the expansion slots for some- 
thing else, and that you don't mind taking apart your 
computer to install their emulator! 

At MetaLink, we don't take our customers for granted. 

The iceMASTER family is the culmination of over 7 
years of focused engineering by MetaLink to bring 
advanced semiconductor technologies to emulator 
design. Using state-of-the-art PALs (PEELs), LCAs, 
VLSI memories and microprocessors, MetaLink 
designed world-class emulation capability into the 
smallest emulator footprints in the industry, combining 
powerful and complex emulation features with all- 
around ease-of-use. 

The high speed serial link connects easily to the back 
of your computer with a standard RS-232 cable. The 
emulators are smaller than the size of a VCR tape, fit 
neatly in crowded work spaces and are easy to move 
around on the bench or to other computers. 
PORTABLE PRODUCTIVITY! 
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iceMASTER-PE Development System 

MctaLink specializes in enhancing the emulation technology required by EMBEDDED SYSTEMS DESIGNERS. MetaLink has consistently led the industry in emulation technology: 
The first PC-based 8051 emulator; the first 8052 emulator; the first to offer support for all the unique features of the 8051 family components, such as watchdog-timer, idle modes, power 
down mode, DMA, and A/D. 

MetaLink is a full-service emulation company. We support our customers over the long term with services such as repair, discounted upgrades, rental units, 10-day trial purchase periods, 
and free technical support for applications problems. A network of world- wide sales and service representatives is augmented by a well-trained telemarketing staff at headquarters. 


□ HOST SPECIFICATIONS 

Host IBM PC, XT, AT, 386, 486, PS/2, Laptop, 

Notebook or compatible system, 640K bytes of 
RAM, Hard Disk Drive, Monochrome or 
Color Display, with a Standard RS-232 Serial 
Port. Operating System DOS 2.0 or greater. 

□ EMULATOR SOFTWARE 
SPECIFICATIONS 

File Formats Supported with Symbolic or 
Source-Level Debugging: 

Archimedes, Avocet, BSO/Tasking, Franklin, 
lAR Systems, Intel OMF, Keil, MCC, Microtec 
Research, Motorola 'S' records and Intel HEX. 

• Source/Symbol Support: 

Assembler, C and PL/M Languages 
Symbolic or Source-Level Debug: 

Setting of Breakpoints 
Setting of Trace ON/OFF 
Viewing of Trace Buffer 
Viewing of Source Window Display 
Viewing of Performance Analyzer 
Assembly/Disassembly of Code 
HLL Stmeture/Content Display of: 

Modules Line Numbers 

Scopes Program Variables 

□ EMULATOR HARDWARE 
SPECIFICATIONS 

iceMASTER-PE MODEL: 

803 1 : Supports 803 1 and 80C3 1 
Operates up to 33MHz 
40-Lead DIP or optional 44-Lead PLCC 
8032: Supports 803 1 , 80C3 1 , 8032 and 80C32 
Operates up to 24MHz 
40-Lead DIP or optional 44-Lead PLCC 
83752: Supports 83C75 1 , 87C75 1 , 83C752 & 87C752 
Operates up to l6MHz 

24- & 28-Lead DIP or optional 28-Lead PLCC 
C501 : Supports 803 1 , 80C3 1 , 8032, 80C32, and C501 
Operates up to 40MHz 
40-Lead DIP or optional 44-Lead PLCC 

□ OPERATING CHARACTERISTICS 

Clock frequency user-selectable between external target 
crystal/clock or internal clock source 
Real-time, Electrically and Operationally Transparent 

□ USER INTERFACE 

Keyboard or Mouse Control 

Pull-down & Pop-up menus with fill-in boxes 

Available Main Screen Windows: 

Registers and PSW bits 
Bit Memory 

Stack data displayed in HEX &/or ASCII 

Up to 5 Internal Data Memory dsplayed in HEX &/or ASCII 

Up to 5 External Data Memory displayed in HEX &/or ASCH 

Up to 5 Code Memory displayed in HEX &/or ASCII 

Source Program displayed in Code, HLL Source or Mixed 

Watch window for variable data 

System Status data 

Main Screen Window Display Controls: 


Function/Hot Key Access: 

User-assignable for commands 
User-displayable for quick reference 

□ MEMORY OPERATIONS 

Emulation Memory: 

64K Program Memory 
64K External Data Memory 
Mapping Resolution: 

Program: Down to 1 -byte 

External Data: Down to 1-byte 
Program Memory: 

Single Line Assembler (full instmetion set support) 
Disassemble in Code or Source/Code mode 
Disassembly may be written to a disk file 
Data Memory: 

Internal or External Memory 
Fill a block of memory with data 
Copy a block of data to another area 
Change a single address data content 
Compare any two blocks of addressed data 
Displayed data may be written to a file 
Registers/SFRs/Bit Memory; 

Examine or Modify 
Program Variables: 

Examine or Modify 

□ EMULATION CONTROLS 

Reset from Emulator and Go 
Reset from Target and Go 
Reset Processor 

Go from current Program Counter 
Go From a new Program Counter 
Go Until a Program Counter/Label 
Slow Motion (Repetitive Step commands) 

Step by machine instruction 
Step by Line Number 
Step Over calls 

Step To next function or procedure 

□ HARDWARE BREAKPOINTS 

64K real-time Program Addresses 

Up to 64K real-time External Data Addresses 

□ TRIGGER CONDITIONS 

Set directly in Source window or Pull-down menu 

PC address & range of addresses 

Opcode Value 

Opcode Class 

SFRs/Registers 

Direct byte address & range of addresses 
Direct bit address & range of addresses 
Immediate operand value 
Read/Write to bit address 
Register address modes 
Read/Write to Register address 
Logical AND/OR of any of the above 
External Data address & range of addresses 
Break Count Overflow 
External (CLIP) Break Input 
External (CLIP) Trigger Output 

□ TRACE 


Trace Contents consist of: 

16-bits Address Bus 
8-bits Data Bus 
7-bits External Clips 
Trace Display Modes; 

Raw Hex 
Symbolic 
HLL Source 
Mixed 

External Clips display format: 

Binary data 
HEX data 
Digital waveform 
Trace Buffer Operations: 

Write trace buffer to a disk file 
Search trace buffer for labels & addresses 

□ PERFORMANCE 
ANALYZER 

Program profiling capability 
7 year duration 
Display options: 

Bar Graph 
Frequency Count 
Display Modes: 

Raw HLL Source Lines 

Symbolic Mixed 

Up to 999 Bin capacity 
User-controlled Bin set-up: 

By Address By Symbol 
By Module By Line Number 
Automatic 

□ HELP 

On-Line 

Context sensitive 
Hypertext/Hyperlinked 

□ DIAGNOSTIC SELF-TEST 

Determines Emulation Hardware Status 

□ MACRO 

Repetitive routines 
User-created and callable 

□ ELECTRICAL 
SPECIFICATIONS 

Input Power (maximum); 

0.75 A @ +5 VDC +/-5% 

Power Source: Target system or power supply 

□ MECHANICAL 
SPECIFICATIONS 

Emulator Dimensions: 

4.4" X 3.25" X 0.9" 

11.18cm X 8.25cm x 2.29cm 
Emulator weight: 

0.51bs 0.3kg 

□ ANNUNCIATORS 

Power and Active LEDs 
Power ON/OFF switch 


Movable 

Sizable 

Scrollable 



Real-time trace with view while executing code 
16K-Frame Trace Buffer 

Start, Center, End and Variable Trace Trigger settings 
Up to 64K Trace ON/OFF triggers for trace filtering 

Call Today 

1(800) 638-2423 

1(800) METAICE or contact your local distributor 
Rental plans are available. 

Product names are used to purposes of identification only and may be trademarks or registered trademarks of their respective companies. 


Selectable (On/Off) 
Color selection 
Highlighting of key data 



1137 







PRODUCT DESCRIPTION 

The iceM ASTER-8051 Model 200/400 emulator repre- 
sents a culmination of 7 years of focused engineering to 
create the world's most affordable and portable full-fea- 
tured emulators. 

The iceMASTER-8051 emulators offer real-time and 
transparent emulation at up to 24MHz for a broad 
number of derivative devices through the use of inter- 
changeable probe cards. Powerful breakpoint systems 
allow an engineer to stop a program at any time and 
examine all states and conditions. Trace memory pro- 
vides a complete history of each event that has 
occurred, including source-level information, address, 
data, status, searching and external logic events. The 
best performance analyzer capability in the industry 
allows a thorough evaluation of the program to decide 
what areas are taking the most time and simplify those 
areas requiring improved performance. 

The iceMASTER-8051 emulators support symbolic and 
source-level debugging for the most popular 805 1 
Cross Assemblers, 'C Compilers, and PL/M Compilers. 
These capabilities allow the designer to debug their 
system the way it was designed, at the symbolic or 
source-level. This methodology increases productivity 
while decreasing cost and time-to-market. 

The iceMASTER-8051 emulators provide pull-down 
and pop-up menus, mouse support, function/hot keys, 
and context-sensitive hyperlinked help. The advanced 
windowed user interface emphasizes ease of use. Each 
window can be sized, moved, scrolled, highlighted, 
color-controlled, added or removed completely. The 
contents of any memory space may be perused and 
altered directly from the appropriate window, with multi- 
ple memoiy spaces displayable simultaneously. 

MetaLink Corporation Phone: (602) 926-0797 

325 E. Elliot Road Phone: (800) 638-2423 

Chandler, AZ 85225 Fax: (602) 926-1198 



KEY CHARACTERISTICS 

□ Full-Featured, Real-time & Transparent Emulator 

□ Supports 8051 family devices up to 24MHz 

□ Interchangeable Probe Cards 

□ Hosted on any PC or compatible, including Laptops, 
Notebooks, or Micro Channel 

□ 1 15K baud serial link using a standard comm port 

□ Unlimited user support 

HARDWARE CAPABILITIES 

□ 64K Program & 64K External Data Memory 

□ 4K frame trace buffer 

□ Advanced trace search ability 

□ 128K hardware breakpoints 

□ 64K Trace ON/OFF triggers 

□ Broad 805 1 derivative device support 
(more than 65 devices) 

□ Dual Performance Analyzers 

SYSTEM FEATURES 

□ Efficient, powerful, easy to learn 

□ User control of window size, content & color 

□ Supports third party Assemblers & Compilers 

□ Full Symbolic & Source-Level debug 

□ Complete system - includes Emulator, 

8051 Macro Cross Assembler, 

RS-232 cable & power supply 



® 1992 MetaLink Corporation 


1043-0001992/TP 
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FLEXIBLE, EASY-TO-USE INTERFACE 

iceMASTER has an advanced, windowed user inter- 
face that emphasizes ease of use. Each window can be 
sized, moved, highlighted, scrolled, color-controlled, 
added, or removed completely. iceMASTER provides 
pull-down and pop-up menus, function keys, and con- 
text-sensitive help. The contents of any memory space 
may be perused and altered directly from the appropriate 
window using the keyboard or a mouse. 

You have immediate access to the hypertext/hype 
linked, context-sensitive, on-line help system which 
clearly explains what your options are (at any detail 
level you choose), keeping you productive. There is 
even a HELP-FOR-HELP feature. Whether you are 
beginning your first design project, or are a veteran 
designer searching for the fastest possible debugging 
method, you will appreciate the EASE-OF-USE features 
designed into iceMASTER. 

Novices can navigate smoothly through a debugging 
session by accessing the commands and menus as stan- 
dard pull-downs. Experienced designers can instanta- 
neously pop-up their menu of choice by using redefin- 
able hot keys. 


DECREASED DEVELOPMENT TIME 

Your iceMASTER source window accelerates the 
debugging process with Dynamically Annotated Code. 
When single-stepping, instruction execution information 
is displayed and retained next to each instruction. You 
can clearly see the data behind your program's flow, 
including contents of all accessed (read or write) memo- 
ry locations and registers, as well as flow-of-control 
direction change markers. A moving color bar indicates 
the current position in the program as it executes. 

At your option, the iceMASTER source window 
allows operations on three different views of code 
memory: disassembled instmctions, instructions mixed 
with High Level Language (HLL) source statements, or 
HLL source only. 

HLL source statements and symbolic disassembly 
information are also displayed when you disassemble 
the program or view the trace buffer. 
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THE COMPLETE DEBUGGER 


The trace buffer captures data in real-time. Trace 
information consists of address and data bus values 
and user-selectable probe clips. You can view the 
trace buffer data through several display filters: raw 
hex, disassembled instructions, instructions mixed 
with HLL source statements, or HLL source only. 
You can display the probe clip bit values in binary, 
hex, or digital waveform formats. 

You can trigger the trace to begin capturing data on 
all instructions leading up to a breakpoint, around 
(before and after) a breakpoint, or following a break- 
point. Capture filtering allows you to focus attention 
only on areas of interest, eliminating clutter. 

To further speed your design process, an integrated 
search mechanism allows you to locate any label, HLL 
source line number, or address in the trace buffer in 
either the backward or forward direction. The days of 
manually scanning or post-processing a large buffer of 
trace data are gone! 

If you WRITE your program in a HLL, you should 
be able to DEBUG it that way - iceMASTER lets you 
do just that! 
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IMPROVING THE QUALITY OF YOUR 
PRODUCT: FINDING THE HOT (OR 
NOT SO HOT) SPOTS 

iceMASTER emulators (Model 400 & PE) provide a 
PERFORMANCE ANALYZER that allows you to 
monitor the time spent executing specific portions of 
your program to find "hot spots" or "dead code." You 
can define and analyze memory areas based on code 
address, module, line number or label ranges. 

You can view results dynamically during emulation 
or later for a more detailed analysis. You can toggle the 
display from bar graph format to actual frequency 
counts, and you can filter the level of detail in the dis- 
played results to include raw data, code labels, and/or 
HLL source statements. 

iceMASTER Model 400 provides an additional Per- 
formance Analyzer that is the absolute best in the indus- 
try for tuning and testing your code. It is very flexible 
and far more accurate than most other emulators, with a 
resolution of less than six microseconds. You can define 
and analyze up to 15 memory areas and each of these 15 
memory areas can consist of non-contiguous, logically 
related subranges, (e.g. groupings of related functions 
which are not necessarily contiguous in memory). 
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FINDING THAT BUG 

You have access to as many as 128K breakpoints 
and 64K tracetriggers. These triggers can be enabled, 
disabled, set or cleared. Simple triggers are based on 
code or external data addresses or address ranges. 
Simple breakpoints can be set or cleared directly in 
the source window at disassembled instructions or 
HLL source statements. 

Breakpoints can also be complex triggers, based on 
code address, direct address, bit address, opcode value, 
opcode class or immediate operand. Complex triggers 
can be ANDed and ORed together. 

Finding that elusive bug is now much easier! 



SMALL AND POWERFUL 

Some companies design emulators that use one or two 
full size PC expansion board slots. These companies 
take it for granted that you have the "right" kind of 
PC, that you don't need the expansion slots for some- 
thing else, and that you don't mind taking apart your 
computer to install their emulator! 

At MetaLink, we don't take our customers for granted. 

The iceMASTER family is the culmination of over 7 
years of focused engineering by MetaLink to bring 
advanced semiconductor technologies to emulator 
design. Using state-of-the-art PALs (PEELs), LCAs, 
VLSI memories and microprocessors, MetaLink 
designed world-class emulation capability into the 
smallest emulator footprints in the industry, combining 
powerful and complex emulation features with all- 
around ease-of-use. 

The high speed serial link connects easily to the back 
of your computer with a standard RS-232 cable. The 
emulators are smaller than the size of a VCR tape, fit 
neatly in crowded work spaces and are easy to move 
around on the bench or to other computers. 
PORTABLE PRODUCTIVITY! 
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iceM ASTER-8051 Model 200/400 Development Systems 

MetaLink specializes in enhancing the emulation technology required by EMBEDDED SYSTEMS DESIGNERS. MetaLink has consistently led the industry in emulation technology: 
The first PC-based 805 1 emulator; the first 8052 emulator; the first to offer support for all the unique features of the 8051 family components, such as watchdog-timer, idle modes, power 
down mode, DMA and A/D. 

MetaLink is a full-service emulation company. We support our customers over the long term with services such as repair, discounted upgrades, rental units, 10-day trial purchase periods, 
and free technical support for applications problems. A network of world-wide sales and service representatives is augmented by a well-trained telemarketing staff at headquarters. 


□ HOST SPECIFICATIONS 

Host IBM PC, XT, AT, 386, 486, PS/2, Laptop, 

Notebook or compatible system, 640K bytes of 
RAM, Hard Disk Drive, Monochrome or 
Color/Graphic Display, with a Standard RS-232 
Serial Port. Operating System DOS 2.0 or greater. 

□ EMULATOR SOFTWARE 
SPECIFICATIONS 

File Formats Supported with Symbolic or 
Source-Level Debugging: 

Archimedes, Avocet, BSO/Tasking, Franklin, 
lAR Systems, Intel OMF, Keil, MCC, Microtec 
Research, Motorola 'S' records and Intel HEX. 
Source/Symbol Support: 

Assembler, C and PL/M Languages 
Symbolic or Source-Level Debug: 

Setting of Breakpoints 
Setting of Trace ON/OFF 
Viewing the Trace Buffer 
Viewing of Source Window Display 
Viewing of Performance Analyzer 
Assembly/Disassembly of Code 
HLL Structure/Content Display of: 

Modules Line Numbers 

Scopes Program Variables 

□ EMULATOR HARDWARE 
SPECIFICATIONS 

iceMASTER-8051 Models: 

200 Basic Emulator 

400 Enhanced Emulator with: 

4K Trace Buffer 
2 Performance Analyzers 
Full Watchdog Timer Support 
Operating Modes: 

Single-Chip ROM 
Romless 

Interchangeable Probe Card 

Used to support the functional derivatives of each micro 
controller family as well as the full range of NMOS, 
CMOS, EPROM, and OTP technology variations. Contact 
MetaLink for the latest information on any device supported. 
Device Unique Support 
A-to-D Converter 
FIFO 

Multiple-Divide Unit 
Multiple DPTRs 

□ OPERATING CHARACTERISTICS 

Clock frequency user-selectable between external target 
crystal/clock or internal crystal source 
Electrically and Operationally Transparent 
Real-time: 0.5-24MHz 

□ USER INTERFACE 

Keyboard or Mouse Control 

Pull-down & Pop-up menus with fill-in boxes 

Available Main Screen Windows: 

Registers and PSW bits 
Bit Memory 

Stack data displayed in HEX &/or ASCII 
Up to 5 Internal Data Memory diplayed in HEX &/or ASCII 
Up to 5 External Data Memory diplayed in HEX &/or ASCII 
Up to 5 Code Memory displayed in HEX &/or ASCII 
Source Program displayed in Code, HLL Source 
or Mixed 


Watch window for variable data 
System Status data displayed in HEX 
Main Screen Window Display Controls; 

Movable Selectable (On/Off) 

Sizable Color selection 

Scrollable Highlighting of key data 

Function/Hot Key Access: 

User-assignable for commands 
User-displayable for quick reference 

□ MEMORY OPERATIONS 

Emulation Memory: 

64K Program Memory 
64K External Data Memory 
Mapping Resolution: 

Program: 16-bytes/block 

External Data; 16-bytes/block 
Program Memory: 

Single Line Assembler (full instruction set support) 
Disassemble in Code or Source/Code mode 
Disassembly may be written to a disk file 
Data Memory: 

Internal or External Memory 
Fill of a block of memory with data 
Copy a block of data to another area 
Change a single address data content 
Compare any two blocks of addressed data 
Displayed data may be written to a file 
Registers/SFRs/Bit Memory; 

Examine or Modify 
Program Variables: 

Examine or Modify 

□ EMULATION CONTROLS 

Reset from Emulator and Go 
Reset from Target and Go 
Reset Processor 

Go from current Program Counter 
Go From a new Program Counter 
Go Until a Program Counter/Label 
Slow Motion (Repetitive Step commands) 

Step by machine instmetion 
Step by Line Number 
Step Over calls 

Step To next function or procedure 

□ HARDWARE BREAKPOINTS 

64K real-time Program Addresses 
64K real-time External Data Addresses 

□ TRIGGER CONDITIONS 

Set directly in Source window or Pull-down menu 

PC address & range of addresses 

Opcode Value 

Opcode Class 

SFRs/Registers 

Direct byte address & range of addresses 
Direct bit address & range of addresses 
Immediate operand value 
Read/Write to bit address 
Register address modes 
Read/Write to Register address 
Logical AND/OR of any of the above 
External Data address & range of addresses 
Break Count Overflow 
External (CLIP) Break Input 
External (CLIP) Trigger Output 


□ TRACE (Model 400) 

4K-Frame Trace Buffer 

Start, Center, End & Variable Trace Trigger settings 
64K Trace ON/OFF triggers for trace filtering 
Trace Contents consist of: 

16-bits Address Bus 
8-bits Data Bus 
7-bits External Clips 
DMA Activity 
Trace Display Modes: 

Raw Hex 
Symbolic 
HLL Source 
Mixed 

External Clips display format: 

Binary data 
HEX data 
Digital waveform 
Trace Buffer Operations; 

Write trace buffer to a disk file 
Search trace buffer for labels & addresses 

□ PERFORMANCE 
ANALYZERS (Model 400) 

Real-time Program profiling capability 
5.4|a.-sec sampling period 
7 year duration 
Display options: 

Bar Graph 
Frequency Count 
Display Modes: 

Raw Symbolic 

Mixed HLL Source Lines 

Up to 999 Bin capacity 
User-controlled Bin set-up: 

By Address By Symbol 
By Module By Line Number 
Automatic 

□ HELP 

On-Line 

Context sensitive 
Hypertext/Hyperlinked 

□ MACRO 

Repetitive routines 
User-created and callable 

□ ELECTRICAL 
SPECIFICATIONS 

Input Power (maximum): 

1.5 A @ +5 VDC +/-5% 

□ MECHANICAL 
SPECIFICATIONS 

Emulator Dimensions: 

7.0" X 5.5" X 1.0" 

17.8cm X 14cm x 2.54cm 
Emulator weight: 

2.01bs 0.9kg 

□ ANNUNCIATORS 

Power, Reset, Break, and Active LEDs 
Power ON/OFF, Reset, Break switches 

□ WARRANTY 

One ( 1 ) year limited warranty, parts and labor 


r 

i 


r 
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Call Today 

1(800) 638-2423 

1(800) METAICE or contact your local distributor 
Rental plans are available. 

Product names are used to purposes of identification only and may be trademarks or registered trademarks of their respective companies. 
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Ordering Information 

Philips-Signetics 8051 Family Microcontroller Support 


iceMASTER-PE Emulators 

The iceMASTER-PE emulators for the 8051 family are self-contained units, each dedicated to a particular 
member of the 8051 family. The emulator and probe card electronics are combined into a single, small package. 
Every iceMASTER-PE emulator comes with 64K of Code memory, 64K of External Data memory, a 16K- 
frame Trace Buffer (which can be viewed without breaking emulation), power supply, RS-232 cable and an 8051 
Macro Cross Assembler. All iceMASTER-PE emulators include a Break-Input signal clip, a Trigger-Output 
signal clip and seven user-placeable Trace-Capture-Input signal clips. 

The following iceMASTER-PE emulators are currently available: 

PE-8031-33 

This emulator supports device operation from DC to 33MHz and has a 40-lead DIP footprint. This emulator 
supports the 8031 and 80C31 devices, regardless of process variation. 

PE-8032-30 

This emulator supports device operation from DC to 30MHz and has a 40-lead DIP footprint. This emulator 
supports the 8031, 80C31, 8032 and 80C32 devices, regardless of process variation. 

PE-83752-16 

This emulator supports device operation from DC to 16MHz and has a 28-lead DIP footprint. This emulator 
supports the 83C751, 87C751, 83C752 and 87C752 devices, regardless of process variation. This emulator is 
supplied with a 28-lead DIP to 24-lead DIP converter (CONVll) for 8xC751 support. 


iceMASTER Model 200 & Model 400 Emulators 

All iceMASTER Model 200 & Model 400 emulators support full probe card interchangeability. To emulate 
several different devices, you need purchase only a single emulator base unit, the iceMASTER-8051, and then 
one probe card for each unique device to be emulated. 

Both the iceMASTER-8051 Model 200 and the iceMASTER-8051 Model 400 emulators come with 64K of 
Code memory and 64K of External Data memory, power supply, RS-232 cable and an 8051 Macro Cross 
Assembler. 

The iceMASTER Model 400 emulator has the following additional features/capabilities: 

1. 4K-Frame Trace Buffer 

2. Performance Analyzers 

a. High Resolution 

b. High Bin Count 

3. Full Watchdog Timer (WDT) Support in all emulation modes 
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Philips-Signetics 8051 Family Probe Cards 

All MetaLink probe cards include a Break-Input signal clip, a Trigger-Output signal clip and seven user- 
placeable Trace-Capture-Input signal clips. In addition, there is a user-selectable jumper for XTAL source. 
Most probe cards have other user-selectable jumpers to control/configure the unique capabilities of each 
particular device. Some probe cards also contain a user-selectable jumper for Vcc source. iceMASTER-8051 
emulators fully supports: 

All I/O ports, with no restrictions. 

The CMOS Idle and Power Down modes of operation, in those devices having such capabilities. 

The Watchdog Timer (WDT), in those devices having such a capability. (iceMASTER-8051 Model 400 only) 
Correct device interconnection footprints. 

Following is a list of all Philips-Signetics 8051 Family Probe Cards which MetaLink currently offers. Since 
MetaLink is constantly adding to its list of supported devices, please contact MetaLink for information on any 
device not listed below. 

If support for a particular device is available at different maximum frequencies (MHz), the description of the 
Probe Card appears only once, with the speed variations noted in the Probe Card names above the description. 
Example: 8031-24 for a 24MHz 8031 Probe Card and 8031-20 for a 20MHz 8031 Probe Card. 

MHW-8031-20 

MHW-8031-24 

The 8031 Probe Card supports device operation from 0.5 to 24MHz and has a 40-lead DIP package interface. 
This probe card supports 8031 and 80C31 devices, regardless of process variation. 

MHW-8032-20 

The 8032 Probe Card supports device operation from 0.5 to 20MHz and has a 40-lead DIP package interface. 
This probe card supports 8031, 80C31, 8032, 80C32 and 80C32 devices, regardless of process variation. 

MHW-80C51FA-16 

The 80C51FA Probe Card supports device operation from 0.5 to 16MHz and has a 40-lead DIP package 
interface. This probe card supports 8031, 80C31, 8032, 80C51FA and 80C32 devices, regardless of process 
variation. 

MHW-83C51FB-16 

The 83C51FC Probe Card supports device operation from 0.5 to 16MHz and has either a 40-lead DIP or a 44- 
lead PLCC package interface. This probe card supports 8031, 80C31, 8032, 80C32, 8051, 80C51, 8751, 87C51, 
8x51FA, 8x51FB, 8052, 80C52, 8752 and 87C52 devices, regardless of process variation. 

MHW-8052-16 

The 8052 Probe Card supports device operation from 0.5 to 16MHz and has a 40-lead DIP package interface. 
This probe card supports 8031, 80C31, 8032, 80C32, 8051, 80C51, 8052, 80C52, 8751, 87C51, 8752, and 87C52 
devices, regardless of process variation. 
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MHW-83C053-12 

The 83C053 Probe Card supports device operation from 6 to 12MHz and has a 42-lead Shrink DIP package 
interface. This probe card supports 83C053, 83C054 and 87C054 devices, regardless of process variation. 

MHW-80CL410-12 

The 80CL410 Probe Card supports device operation from 0.5 to 12MHz and has a 40-lead DIP package 
interface. This probe card supports the 80CL410 device (4.5V-5.5V only). 

MHW-80C451-16 

The 80C451 Probe Card supports device operation from 1.2 to 16MHz and has a 68-lead PLCC package 
interface. This probe card supports the 80C451 device, regardless of process variation. Converter #5 is 
available to convert the probe card to a 64-lead DIP footprint. 

MHW-83C451-12 

The 83C451 Probe Card supports device operation from 1.2 to 12MHz and has a 68-lead PLCC package 
interface. This probe card supports the 80C451, 83C451 and 87C451 devices, regardless of process variation. 
Converter #5 is available to convert the probe card to a 64-lead DIP footprint. 

MHW-80C528-16 

The 80C528 Probe Card supports device operation from 1.2 to 16MHz and has a 40-lead DIP package 
interface. This probe card supports the 80C528 device. 

MHW-83C528-12 

MHW-83C528-16 

The 83C528 Probe Card supports device operation from 1.2 to 16MHz and has either a 40-lead DIP or 44-lead 
PLCC package interface. This probe card supports 80C528, 83C528, 87C528, 83C524 and 87C524 devices, 
regardless of process variation. 

MHW-83C550-12 

The 83C550 Probe Card supports device operation from 1.2 to 12MHz and has a 44-lead PLCC package 
interface. This probe card supports the 83C550, 80C550 and 87C550 devices, regardless of process variation. 

MHW-80C552-16 

The 80C552 Probe Card supports device operation from 1.2 to 16MHz and has a 68-lead PLCC package 
interface. This probe card supports the 80C552 and 80C562 devices, regardless of process variation. Converter 
#7 is available to convert the probe card interface to a 40-lead DIP footprint for operation as an 8031, 8032, 
80C31, 80C32 or 80C652. 
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MHW-83C552-12 

MHW-83C552-16 

The 83C552 Probe Card supports device operation from 1.2 to 16MHz and has a 68-lead PLCC package 
interface. This probe card supports the 80C552, 83C552, 87C552, 80C562, 83C562 and 87C562 devices, 
regardless of process variation. Converter #7 is available to convert the probe card interface to a 40-lead DIP 
footprint for operation as an 8031, 8032, 80C31, 80C32, 8x51, 8xC51, 8x52, 8xC52, 8xC652 or 8xC654. 

MHW-83C592-16 

The 83C592 Probe Card supports device operation from 1.2 to 16MHz and has a 68-lead PLCC package 
interface. This probe card supports the 80C592, 83C592 and 87C592 devices, regardless of process variation. 

MHW-80C652-16 

The 80C652 Probe Card supports device operation from 1.2 to 16MHz and has a 40-lead DIP package 
interface. This probe card supports 8031, 80C31 and 80C652 devices from any IC manufacturer, regardless of 
process variation. 

MHW-83C652-16 

The 83C652 Probe Card supports device operation from 1.2 to 16MHz and has a 40-lead DIP package 
interface. This probe card supports 80C652, 83C652 and 87C652 devices from any IC manufacturer, regardless 
of process variation. 

MHW-83C654-16 

The 83C654 Probe Card supports device operation from 1.2 to 16MHz and has a 40-lead DIP package 
interface. This probe card supports 80C652, 83C654 and 87C654 devices from any IC manufacturer, regardless 
of process variation. 

MHW-83C751-16 

The 83C751 Probe Card supports device operation from 0.5 to 16MHz and has 24-lead Skinny DIP package 
interface. This probe card supports 83C751 and 87C751 devices, regardless of process variation. 

MHW-83C752-12 

The 83C752 Probe Card supports device operation from 0.5 to 12MHz and has a 28-lead DIP package 
interface. This probe card supports 83C752 and 87C752 devices, regardless of process variation. 

MHW-80C851-12 

The 80C851 Probe Card supports device operation from 1.2 to 12MHz and has a 40-lead DIP package 
interface. This probe card supports 8031, 80C31, and 80C851 devices, regardless of process variation. 

MHW-83C851-12 

The 83C851 Probe Card supports device operation from 1.2 to 12MHz and has a 40-lead DIP package 
interface. This probe card supports 80C851, and 83C851 devices, regardless of process variation. 
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iceMASTER Converters 

iceMASTER converters are used with the iceMASTER-8051 Probe Card to allow the user to change the device 
footprint supported by the Probe Card to a new device footprint or to allow the iceMASTER-8051 Probe Card 
to support a new device with the existing Probe Card. 

MHW-CONV5 

A 68-lead PLCC to 64-lead DIP converter for 83C451 or 80C451 Probe Cards to 80C451, 83C451 and 87C451 
devices. 

MHW-CONV7 

A 68-lead PLCC to 40-lead DIP converter for 83C552 or 80C552 Probe Cards to 8031, 8032*, 80C31, 80C32*, 
8051, 8751, 80C51, 87C51, 8052*, 8752*, 80C52*, 80C652, 83C652, 87C652, 87C654, 83C654 and 87C52* 
devices. *Not all modes of Timer 2 supported. 

MHW-CONVll 

A 28-lead DIP to 24-lead DIP converter for the PE-83752 or 83C752 Probe Card to 83C751 and 87C751 
devices. 

MHW-CONV12 

A 24-lead Skinny DIP to 28-lead PLCC converter for 83C751 Probe Card to 83C751 and 87C751 devices. 

MHW-CONV13 

A 28-lead DIP to 28-lead PLCC converter for PE-83752 and 83C752 Probe Card to 83C752 and 87C752 
devices. 

MHW-CONV14 

A 40-lead DIP to 44-lead PLCC converter for PE-8031, 8031 Probe Card to 8031, 80C31, 8031 and 80C31 
devices. 

A 40-lead DIP to 44-lead PLCC converter for PE-8032, 8032 Probe Card to 8031, 80C31, 8031, 80C31, 80C32, 
8032 and 80C32 devices. 

A 40-lead DIP to 44-lead PLCC converter for 8052 Probe Card to 8031, 80C31, 8031, 80C31, 80C32, 

8032, 80C32, 8051, 80C51, 8751, 87C51, 8052, 80C52, 8752 and 87C52 devices. 

A 40-lead DIP to 44-lead PLCC converter for 8351FB Probe Card to 8031, 80C31, 8031, 80C31, 80C32, 8032, 
80C32, 8051, 80C51, 8751, 87C51, 8052, 80C52, 8752, 87C52, 8XC51FA and 8XC51FB devices. 

A 40-lead DIP to 44-lead PLCC converter for 80410 Probe Card to 80CL410 devices. 

A 40-lead DIP to 44-lead PLCC converter for 80652 and 83652 Probe Cards to 80C652, 87C652, 83C652, 
87C654 and 83C654 devices. 

A 40-lead DIP to 44-lead PLCC converter for 80528 and 83528 Probe Cards to 80C528, 87C528, 83C528, 
87C524 and 83C524 devices. 
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A 40-lead DIP to 44-lead PLCC converter for 80851 and 83851 Probe Cards to 80C851 and 83C851 devices. 
MHW-CONV19 

A 68-lead PLCC to 44-lead PLCC converter for 83552 and 80552 Probe Cards to 8031, 8032*, 80C31, 80C32*, 
8051, 8751, 80C51, 87C51, 8052*, 8752*, 80C52*, 80C65Z 83C652, 87C652, 87C654, 83C654 and 87C52* 
devices. 

MHW-CONV23 

A 44-lead PLCC to 40-lead DIP converter for 80550 Probe Card to 80C550, 87C550 and 83C550 devices. 


iceMASTER-8051 and PE Hardware Miscellaneous Products 
MHW-EXT24DIP 

A 24 Lead Skinny DIP, 6 inch target interface extension cable for 83C751 and 87C751 devices. 

MHW-EXT28DIP 

A 28 Lead DIP, 6 inch target interface extension cable for 83C752 and 87C752 devices. 

MHW-EXT40DIP 

A 40 Lead DIP, 6 inch target interface extension cable for 8031, 80C31, 8032, 80C32, 8051, 80C51, 8751, 
87C51, 8051FA, 83C51FA, 87C51FA, 8051FB, 83C51FB, 87C51FB, 8052, 80C52, 8752, 87C52, 80C528, 
83C528, 87C528, 83C524, 87C524, 80C652, 83C652, 87C652, 83C654, 87C654, 80CL410, 80C851 and 83C851 
devices. 

MHW-EXT28PLCC 

A 28 Lead PLCC, 6 inch target interface extension cable for 83C751, 87C751, 83C752 and 87C752 devices. 
MHW-EXT44PLCC 

A 44 Lead PLCC, 6 inch target interface extension cable for 8031, 80C31, 8032, 80C32, 8051, 80C51, 8751, 
87C51, 8051FA, 83C51FA, 87C51FA, 8051FB, 83C51FB, 87C51FB, 8052, 80C52, 8752, 87C52, 80C528, 
83C528, 87C528, 83C524, 87C524, 80C550 83C550, 87C550, 80C652, 83C652, 87C652, 83C654, 87C654, 
80CL410, 80C851 and 83C851 devices. 

MHW-EXT68PLCC 

A 68 Lead PLCC 6 inch target interface extension cable for 83C552, 87C552, 83C562, 87C562, 80C552, 
83C451, 87C451, 80C451, 87C592, 80C592 and 83C592 devices. 

MHW-DIPSE24/3 


A 24 Lead Skinny DIP pin isolator for 83C751 and 87C751 devices. 
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MHW-DIPSE28/6 


A 28 Lead DIP pin isolator for 83C752 and 87C752 devices. 

MHW-DIPSE40/6 

A 40 Lead DIP pin isolator for 8031, 80C31, 8032, 80C32, 8051, 80C51, 8751, 87C51, 8051FA, 83C51FA, 
87C51FA, 8051FB, 83C51FB, 87C51FB, 8052, 80C52, 8752, 87C52, 80C528, 83C528, 87C528, 83C524, 87C524, 
80C550 83C550, 87C550, 80C652, 83C652, 87C652, 83C654, 87C654, 80CL410, 80C851 and 83C851 devices. 

MHW.DIPSE42S/6 

A 42 Lead Shrink DIP pin isolator for 87C054, 83C054 and 83C053 devices. 

MHW-PLECSE28 

A 28 Lead PLCC pin isolator for 83C751, 87C751, 83C752 and 87C752 devices. 

MHW-PLECSE44 

A 44 Lead PLCC pin isolator for 8031, 80C31, 8032, 80C32, 8051, 80C51, 8751, 87C51, 8051FA, 83C51FA, 
87C51FA, 8051FB, 83C51FB, 87C51FB, 8052, 80C52, 8752, 87C52, 80C528, 83C528, 87C528, 83C524, 87C524, 
80C550 83C550, 87C550, 80C652, 83C652, 87C652, 83C654, 87C654, 80CL410, 80C851 and 83C851 devices. 

MHW-PLECSE68 

A 68 Lead PLCC pin isolator for 83C552, 87C552, 83C562, 87C562, 80C552, 83C451, 87C451, 80C451, 87C592, 
80C592 and 83C592 devices. 


iceMASTER-8051 and PE Software Miscellaneous Products 
MSW-ASM51 

MetaLink 8051 Macro Cross Assembler 
MSW-SIM51 

Archimedes Software SimCASE 8051 for PC-hosted systems 
MSW-SIMI/051 

Archimedes Software Sim I/O 8051 for PC-hosted systems 
MSW-A51 

Archimedes Software Assembler 8051 for PC-hosted systems 
MSW-C51 

Archimedes Software 8051 Family C Compiler for PC-Hosted Systems 
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MSW-AVA51 

Avocet Systems, Inc. AvCase Assembler for the 8051 
MSW-AVC51 

Avocet Systems, Inc. AvCase C-Compiler and Assembler for the 8051 
MSW-AVS51 

Avocet Systems, Inc. AvCase Simulator for the 8051 
MSW-BSO/A51 

BSO/Tasking Assembler 8051 for PC-hosted systems 
MSW-BSO/C51 

BSO/Tasking C-Compiler and Assembler for 8051 for PC-hosted systems 
MSW-BSO/PLM51 

BSO/Tasking PL/M-Compiler and Assembler for 8051 for PC-hosted systems 
MSW-F/4010 

Franklin Software A51 Assembler for PC-Hosted Systems 
MSW-F/5020 

Franklin Software C-51 Compiler and A51 Assembler for PC-Hosted Systems 
MSW-F/8220 

Franklin Software 8051 Developer’s Kit with C-51 Compiler, A51 Assembler, Simulator/Debugger for PC- 
Hosted Systems 

MSW-F/8310 

Franklin Software 8051 Professional Developer’s Kit with C-51 Compiler, A51 Assembler, Bank Linker 51, 
Tiny Real Time Operating System 8051, Simulator /Debugger for PC-Hosted Systems 
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NOHAU EMUL51-PC - PC-based in-circuit emulator 


1.0 System Architecture 

Features of the Nohau EMUL51-PC in-circuit emulator include: 

- Low-cost full real-time emulation 

- IBM PC-bus plug-in boards or stand alone Box version with 1 15K baud RS232-C connection to IBM PC 

- Easy-to-leam user interface with windows and pull-down menus 

- Source-level debugging in C, PL/M or Pascal with full support for typed symbols 

- 256k fiames by 64 bit real-time trace option with time stamp 

- Program Performance Analyzer 

The Nohau EMUL51-PC consists of a board which plugs directly into the IBM PC/XT/AT bus for fast file transfer. An optional 
external box with a serial link is also available. The optional Trace board features an advanced trace function with many trigger 
capabilities. 

The POD, which plugs into the target system, is connected with a 5 ft ( 1 .5 m) ribbon cable to the Emulator board to provide a flexible 
operating range. 

The EMUL51-PC uses no wait states and does not intrude on memory, stack, I/O or interrupt pins. 




fig 1 EMIJL51 -PC plug-in board fig 2 External Box version 

version 
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2.0 User Interface 

The user interface is based on MS-DOS software. It incorporates a variety of techniques. The user can select to operate either 
with short typed commands or using pull-down menus. On-screen features include windows to monitor or alter: 

- Assembly or high level language source code 

- CPU registers 

- Internal data and Special Function Registers 

- External data 

- Watch variables in C, PL/M or assembly 

- Trace setup and display 

All commands are supported with context-sensitive help and full on-line manual. 

3.0 Specific Features 

3.1 Source Level Debugging 

Using high level language for code generation is a way to cut development time. Therefore the EMUL51-PC gives full support 
for debugging directly in C, PL/M or Pascal source code. This eliminates the need for paper listings. Breakpoints can be 
marked directly in the source code window. The user can single step through the program line by line and follow the program 
execution on the screen listing. 

The trace permits the user to trace his source code in real-time. 

All variables can be displayed and altered. This includes full support for typed symbols which permits the user to address such 
variables as floating-point, arrays and structures — both global and local. 

3.2 Emulation Memory 

The EMUL51-PC features 64 K of code memory and 64 K of external data memory. The addressable memory can be mapped 
either to target or to the emulator in 4K pages. 

The emulator can load all common file formats and the user can view and alter all registers and memory areas of the microcontroller. 

3.3 Breakpoints 

The EMUL51-PC permits the user to generate program breakpoints in a number of ways: 

- 64K program breakpoints 

- 64K data read and 64K data write breakpoints 

- Break on external signal 

- Break on direct access to internal bit or byte memory 

- Break on contents of internal register or memory 

- Break on program access out-of-boundary 

Using the Trace board it is possible to break on combinations of address, data, control signals, port signals and external signals. 

3.4 Macros and debug session logging 

Test session automation is made possible using the Macro commands. This permits the user to define his own command 
sequences using sU'uctures like IF/ELSE and REPEAT/WHILE. Such command sequences can be stored to a file which can be 
loaded automatically when the emulator is invoked. 

A complete debug session and all setups can also be recorded to a file. 


1152 


noHau 

CORPORATION 

(408)866-1820 


3.5 Trace Memory 

The optional trace board features a trace buffer capable of storing up to 256k frames of 64 bit data each. The 64 bits consist of 
address, data, control signals, port signals, extern^ signals and a time stamp. 

The trace memory can be displayed, reprogrammed and restarted during emulation. 

3.5.1 Trace Filter 

The trace filter makes it possible to select what events are stored in the trace buffer. The qualifiers permit the user to define the 
criteria for which bus cycles are stored. The qualifiers can specify address, data, control signals, port signals and external 
signals. 

3.5.2 Trace Trigger 

The trace works much like a logic analyzer. It is therefore possible to trigger the trace on an event and display what happened 
before or after that event. 

The trigger event can be defined using any of the qualifiers in up to eight levels. It is possible to trigger on boolean combinations 
of the qualifiers, or sequential combinations including a loop counter. 

The trigger point can be selected anywhere within the 256k trace buffer to give full choice of pre/post trigger alignment. 

3.5.3 Trace Display 

The trace information can be displayed in high-level language statements, in disassembled form or in binary/hex form. It can 
also be stored to a file. 


3.5.4 Program Performance Analyzer 

With the PPA, information can be generated showing which addresses the user program spends its time on. The information can 
be displayed as statistics or in histogram form. 


4.0 General Specifications 


Host 

External Box: 


IBM PC/XT/AT/386/486, PS/2 or compatible with 640K of RAM. Monochrome, color or enhanced 
graphics display. 

The emulator boards can be installed in an external box with serial communication to the PC. 


Processors supported: 8051, 8052, 8031, 8032, 80C51, 80CL51, 80C52, 80C31, 80CL31, 80C32, 8XC053/54, 83/80CL410, 
83/80C451, 8XC528, 8XC550, 83/80C552, 80C562, 8XC575, 80CL580, 8XC592, 83/80C652, 
83/87C751, 83/87C752, 83/80C851 (For more details, please refer to the following pages.) 

A switch from one microcontroller to another is made by changing the low cost POD. 

File formats supported: Intel HEX/OBJ/S YM/OMF, Avocet, Archimedes/IAR, BSO/Tasking, Franklin/Keil, 
Intermetrics/Whitesmiths/Comic, and many more. 


Clock speed: 


Allows operation up to 33 MHz in real-time. 


Power supply: 


The boards are powered from the PC-bus. The Emulator board requires 1.7A/5V and the Trace board 
1.3A/5V. 
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5.0 Ordering information 

PHILIPS SEMICONDUCTORS Microcontroller Support 

EMULATOR UNITS 

Includes software and ribbon cable. Must be connected to a POD to operate. Each step up in frequency rating covers all lower frequency 
steps. Includes DIP isolator if ordered with 40-pin POD. Emulator software has high-level debug and all options. 

Order Number Description 

EMUL5 1-PC/E32 12 MHz Emulator, 32 kB (kiloByte) Emulation Memory. 

EMUL51-PC/E32-16 16 MHz Emulator, 32 kB Emulation Memory. 

EMUL51 -PC/E 128 12 MHz Emulator, 128 kB Emulation Memory. 

EMUL51-PC/E128-16 16 MHz Emulator, 128 kB Emulation Memory. 

EMUL51 -PC/E 128-20 20 MHz Emulator, 128 kB Emulation Memory. 

EMUL5 1-PC/El 28-24 24 MHz Emulator, 128 kB Emulation Memory. 

EMUL5 1-PC/E128-30 30 MHz Emulator, 128 kB Emulation Memory. 

EMUL51-PG/E128-33 33 MHz Emulator, 128 kB Emulation Memory. 

TRACE BOARD OPTIONS 

Optional second PC plug-in board. Emulator board contains no trace capability. Each frequency step covers all lower steps. 

Order Number Description 

EMUL5 l-PC/rR4 12 MHz 4 kiloframe (4096 frames) Trace Buffer. 

EMUL5 1-PC/TR4-1 6 1 6 MHz 4 k Trace Buffer. 

EMUL51-PC/rR16 12 MHz 16 kTrace Buffer. 

EMUL51-PC/rR16-16 16 MHz 16 k Trace Buffer. 

EMUL51-PC/rR16-20 20 MHz 16 k Trace Buffer. 

EMUL51-PC/rR16-24 24 MHz 16 k Trace Buffer. 

EMUL51-PC/rR16-30 30 MHz 16 kTrace Buffer. 

EMUL51-PC/rR16-33 33 MHz 16 kTrace Buffer. 

Advanced Trace Boards feature 32-bit timestamping with 16-bit prescaler, eight-level triggers, state and counter functions, search. 

Order Number Description 

EMUL51-PC/ATR64-16 16 MHz 64 k Advanced Trace Buffer. 

EMUL5 1-PC/ATR256-16 16 MHz 256 k Advanced Trace Buffer. Contact Nohau for availability. 

EMUL5 1-PC/ATR64-24 24 MHz 64 k Advanced Trace Buffer. 

EMUL5 1-PC/ATR256-24 24 MHz 256 k Advanced Trace Buffer. 

EMUL5 1-PC/ATR64-33 33 MHz 64 k Advanced Trace Buffer. 

EMUL5 1-PC/ATR256-30 30 MHz 256 k Advanced Trace Buffer. 

BONDOUT PODS, 24-PIN, 40-PIN, 68-PIN, 84-PIN 

Allow full emulation of internal, external and mixed modes of bus or port input/output. On-board POD crystal is 12 MHz on all PODs of any 
frequency specification. Each step up in frequency rating covers all Iowct frequoicy steps. 

Order Number Description 

POD-C51B 12 MHz Bondout POD for 80C51, 8051, 87C51, 8751, 80C31, 8031, 80C/83C652, 83C654, 80C/83C662, 

80C/83C851 single-chip or external mode. 

POD-C51B-16 16 MHz Bondout POD for 80C/87C51-1, 80C/87C51, 80/8751, 80C31-1, 80C31, 8031, 80C/83C652, 83C654. 

80C/83C662, 80C/83C851 single-chip or external mode. 

POD-C51B-24 24 MHz POD for 80C/87C51-24, 80/8751, 80C31-24, 80C/83C652/654, 80C/83C662, 80C/83C851 single-chip or 

external mode. Special Requirement; Due to bondout chip timing, this POD requires a 30 MHz emulator board and 
trace board must be 30 MHz if used. 

POD-CL410 POD for 83CL410, 83CL610, 80CL31, 80CL51. Target voltage range: 1.5-5.0V. Maximum frequency: 12 MHz at 

5.0V. This POD is intended for emulating internal code. External bus operation is limited. 

POD-C451B-PGA 12 MHz Bondout POD for 83C451, 87C451, 80C451 PLCC, single-chip or external mode. PGA from POD. Use 

optional adapter for PLCC target. 

POD-C552B-PGA 12 MHz Bondout POD for 83C552, 87C552, 80C552 PLCC, single-chip or external mode. PGA from POD. Use 
optional adapter for PLCC target. 
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POD-C552B-PGA-16 16 MHz Bondout POD for 83C552, 87C552. 80C552 16 MHz, 12 MHz single-chip or external mode. PGA from 
POD. Use optional adapter for PLCC target. 

POD-C552B-24 24 MHz Bondout POD for 8XC552 or 8XC562 PIXC single-chip or external mode. PGA from POD. Use optional 

adapter (etc). Special Requirement: Due to bondout chip timing, this POD requires a 30MHz emulator board and 
trace board must be 30 MHz if used. 

POD-CL580 12MHz Bondout POD for 83CL580. 

POD-C652B Order as POD-C51B. 

POD-C751 12 MHz 83C751, 87C751, DIP POD. Includes EXT-DIP24. 

POD-C751-16 16 MHz 83C751, 87C751, DIP POD. Includes EXT-DIP24. 


“HOOKS” MODE PODS, 28-PIN, 40-PIN, 42-PIN, 44-PIN, 68-PIN 

Standard chip op>erated in special “hooks” emulation mode for single-chip or external modes. Some electrical characteristics are different 
from miCTOcontroller’s. On-board POD crystal is 12 MHz on all PODs of any frequency specification. 


Order Number 

POD-C52 

POD-C52-16 

POD-C528 

POD-C528-16 

POD-C550-PGA 

POD-C550-PGA-16 

POD-C575 

POD-C592-PGA 

POD-C592-PGA-16 

POD-C752 

POD-C752-16 

POD-C054 

POD-C575 


Description 

12 MHz POD for 80C31, 80C32, 80C51, 80C52, 87C51. 87C52. 

16 MHz POD for 80C31, 80C32, 80C51, 80C52, 87C51, 87C52. 

12 MHz POD for 80C528, 83C528, 87C528. 

16 MHz POD for 80C528, 83C528, 87C528. 

12 MHz POD for 80C550, 83C550, 87C550. PGA from POD. Use optional adapter for PLCC target. 

16 MHz POD for 80C550, 83C550, 87C550. PGA from POD. Use optional adapter for PLCC target. 

12 MHz 87C575, 87C575 chip may have to be supplied by user. 

12 MHz POD for 8XC592. 8XC592 chip may have to be supplied by user. PGA from POD. Use optional adapter for 
PLCC target. 

1 6 MHz POD for 8XC592. 8XC592 chip may have to be supplied by user. PGA from POD. Use optional adapter for 
PLCC target. 

12 MHz 83C752, 87C752 DIP POD. Includes EXT-DIP28. 

16 MHz 83C752, 87C752 DIP POD. Includes EXT-DIP28. 

12 MHz POD for 8XC053, 8XC054 (Micocontroller-for-Television- Video). 

16MHzPODfor8XC575. 


POD BOARDS, 40 PIN EXTERNAL MODE 

Port 2 is upper address bus only. Port 0 is address/data bus. P3.6 is WRITE, P3.7 is READ. On-board POD crystal is 12 MHz on all PODs of 
any frequency specification. Each step up in frequency rating covers all lower frequency steps. 

Order Number Description 

POD-31 12 MHz 8031 POD. 

POD-C31 12 MHz 80C31 POD. 

POD-32 12 MHz 8032 POD. 

POD-C32 12 MHz 80C32 POD. 

POD-C652 12 MHz 80C652 POD. 

POD-C31-1 16 MHz 80C31-1 POD. 

POD-C32-16 16 MHz 80C32 POD. 

POD-C3 1 -20 20 MHz 80C3 1 POD. 

POD-C31-24 24 MHz 80C31 POD. 

POD-C31-30 30 MHz 80C31 POD. 

POD-C3 1-33 33 MHz 80C3 1 POD. 


-S version of the above boards allows P3.6, P3.7 to be used either as unidirectional I/O or write and read. (Example: POD-3 1-S; 
POD-C31-S-1; POD-C32-S-16.) 


EXTERNAL MODE PODS, 64-PIN, 68-PIN 

Port 2 is upper address bus only. Port 0 is address/data bus. P3.6 is WRITE, P3.7 is READ. On-board POD crystal is 12 MHz on all PODs of 
any frequency specification. Each step up in frequency rating covers all lower frequency steps. 


Order Number 

POD-C45 1-DIP 

POD-C451-DIP-16 

POD-C451-PGA 

POD-C451-PGA-16 

POD-C552-PGA 


Description 

12 MHz 80C451 DIP POD. 

16 MHz 80C451DIPPOD. 

12 MHz 80C451 PLCC POD. PGA from POD. 

16 MHz 80C451 PLCC POD. PGA from POD. 

12 MHz 80C552 POD. PGA from POD. Use optional adapter for PLCC target. 
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BOX OPTIONS 

Box units are AC line-powered. Emulator software runs under DOS on PC and uses a COM port at 110 baud to 115 kilobaud. Serial cable 
included. 

Order Number Description 

EMUL51-PC/BOX-S Serial Box. Select emulator separately; trace optional. POD not included. 

EMUL51-PC/BOX-CS Serial Box with E128-16 Emulator and TR16-16 Trace. POD not included. 

EMUL5 l-PC/BOX-CS-20 Serial Box with E128-20 Emulator and TR16-20 Trace. POD not included. 

EMUL5 l-PC/BOX-CS-24 Serial Box with E128-24 Emulator and TR16-24 Trace. POD not included. 

EMUL5 l-PC/BOX-CS-30 Serial Box with E128-30 Emulator and TR16-30 Trace. POD not included. 


MISCELLANEOUS OPTIONS 


Order Number 

EMUL51-PC/PRG 
EMUL51-PC/PRG751 
EMUL5 1-PC/EXT-DIP24 
EMUL5 1 -PC/DIP24-ISO 
EMUL5 1-PC/DIP24-PLCC28 
EMUL51-PC/EXT-DIP24-PLCC28 
EMUL5 1-PC/EXT-DIP28 
EMUL5 1-PC/DIP28-PLCC28 
EMUL5 1-PC/DIP28-ISO 
EMUL5 1-PC/DIP28-DIP24-ADAP 

EMUL5 1-PC/EXT-DIP40 
EMUL51-PC/DIP40-ISO 
EMUL5 1-PC/DIP40-PLCC44 
EMUL5 1-PC/D1P40-ONCE-DIP40 

EMUL5 1-PC/DIP40-ONCE-PLCC44 

EMUL5 1-PC/PGA44-PLCC44 
EMUL5 1-PC/PGA44-PLCC44-EL2 
EMUL5 1-PC/EXT-DIP48 
EMUL51-PC/DIP48-ISO 
EMUL5 1-PC/PG A68-PLCC68 
EMUL5 1-PC/PGA68-DIP84 
EMUL5 1-PC/PG A68-ISO 
QILEXT-1 
EMUL51-PC/EZ 

EMUL51-PC/CBL10-S 

EMUL51-PC/CBL10-A 

EMUL51-PC/CBL5-A 


Description 

Universal Programmer (EPROM, 8751, 87C51, PAL). 

Programmer for 87C751, 87C752. 

Additional extemder cable for 24 pin DIP. 

24 pin DIP Isolator. 

24 pin DIP to 28 pin PLCC. 

Extender cable, 24 pin DIP to 28 pin PLCC. 

Extender cable, 28 pin DIP. 

28 pin DIP to 28 pin PLCC. 

Additional 28 pin DIP Isolator. 

28-pin (0.6(X)-In) to 24-pm (0.300-In) adapter to plug POD-C752 into 8XC751 target. The user is 
responsible for port and register compatibility. 

Extender cable for 40 pin DIP. 

Additional 40 pin DIP Isolator. 

40 pin DIP to 44 pin PLCC. 

Clips over target microcontroller. Disables target micro to allow emulation without removing target 
chip. Works only on chips with on-chip emulation (ONCE) disable feature. 

Clips over target microcontroller. Disables target micro to allow emulation without removing target 
chip. Works only on chips with on-chip emulation (ONCE) disable feature. 

PGA to PLCC adapter, 44 pin. 

PGA to PLCC “elevator” or “tower” rigid 2-inch extender-adapter. 

Extender cable for 48 pin DIP. 

48 pm DIP Isolator. 

PGA to PLCC adapter unit, 68 pin. 

PGA to DIP adapter unit for 451 PGA PODs to plug into DIP target. 

68 pin PGA Isolator. 

Extractor tool for PLCC parts. 

E-Z-Hook® wires for trace. 

E-2^Ho<* is a rcgistcicd trademaik of Tcktcst, Inc. 

10 foot substitute for 5 foot POD cable (not for bondout PODs). 

Additional 10 foot POD cable (not for bondout PODs) 

Replacement 5 foot POD cable 


BANKSWITCH EMULATOR BOARDS 

User selectable as two banks of 64 kBytes, or as three switchable banks in upper half (80{X) - FFFF) with lower half (0000 - 7FFF) not 
switchable. MOVX read-write data memory is only separate from code if data is mapped to target. 

Order Number Description 

EMUL5 1-PC/El 28-BSW 12 MHz Bankswitch Emulator, 128 kB Emulation Memory. Requires Bankswitch POD. 

EMUL51-PC/E128-BSW-16 16 MHz Bankswitch Emulator, 128 kB Emulation Memory. Requires Bankswitch POD. 

EMUL51-PC/E256-BSW 12 MHz Bankswitch Emulator, 256 kB Emulation Memory. Requires Bankswitch POD. 

EMUL51-PC/E256-BSW-16 16 MHz Bankswitch Emulator, 256 kB Emulation Memory. Requires Bankswitch POD. 

-BSW option to any POD 
Examples: 

POD-31-BSW 12 MHz 8031 Bankswitch POD. 

POD-C31-BSW-1 16 MHz 80C31-1 Bankswitch POD. 

POD-31-S-BSW 12 MHz 8031 -S option Bankswitch POD. 
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SOFTWARE PACKAGES 
Order Number Description 

NOHAU Corporation 

SIMUL51-PC Nohau 8031/8051 Simulator. Same interface as EMUL51-PC. 

EMUL5 1 -PC/S WS UB EMUL5 1 -PC emulator software update service, one year. 

Archimedes Software, Inc. 

ARCHM/C-8051PC Archimedes C-8051PC V4 C-Compiler & Assembler. 

ARCHM/SIM-8051PC Archimedes 8051 Simulator/Debugger (SimCASE Sim-8051 PC) for CC51, PL/M-51 & ASM. 

Archimedes is a trademark of Archimedes Software. Inc. 

Avocet Systems, Inc. 

AVOCET/AVA51 Avocet Systems AvCase51 8051 Assembler 

Avocet is a registered trademark of Avocet Systems, Inc. 

BSO/Tasking 

BSOTSK/C51PKG BSO/Tasking 8051 Family C-Compiler and Assembler Package. 

BSOTSK/PLM51PKG BSO/Tasking 8051 Family PL/M Compiler and Assember Package. 

Chip Tools, Inc. 

C V51 -NOH Chip Tools Chip View-5 1 High-Level/Low-Level Debugger Emulator interface for EMUL51 -PC. 

CV51-S Chip Tools Chip View-51 High-Speed Simulator. 

CV51-SNOH Chip Tools Chip View-51 CV51-NOH -h CV51-S Combo package. 

Chip Tools and Chip View arc trademarks of Chip Tools, Inc. 

Franklin Software, Inc. 

FRANKLIN/4010 Franklin 8051 Macro Assembler with Linker, Librarian, Object-to-Hex utility. 

FRANKLIN/5020 Franklin V3 Very High Performance 8051 Compiler & Assembler. 

FRANKLIN/7020 Franklin V5 Simulator/Debugger, Windowed Interface. 

FRANKLrN/8220 Franklin Developers Kit with 5020 Compiler, 4010 Assembler and 7020 Simulator/Debugger. 

franklin is a trademark of Franklin Software, Inc. 

Intermetrics Microsystems Software, Inc./Whitesmiths, Ltd. 

INTERMET/C85 IHX Intermetrics Whitesmiths C-Compiler and Assembler, Extended. 

INTERMET/D85 IHXNOH Intermetrics Whitesmiths C Source-Level Debugger/Emulator Version (Interface for EMUL5 1-PC). 

INTERMET/D851HXSIM Intermetrics Whitesmiths C Source-Level Debugger/Simulator Version. 

Whitesmiths and CXDB arc rcgi.stcrcd trademark.'! of Intermetrics, Inc. 

The EMUL51-PC Emulator, Trace, POD, and Box hardware is sold with a one-year warranty. The EMUL51-PC Emulation 

software is sold with no warranty, but upgrades will be distributed to all customers up to one year from 
the date of purchase. Nohau Corporation makes no warranties, express or implied, including, but not 
limited to, the implied warranties of merchantability and fitness for a particular purpose. In no event 
will Nohau Corporation be liable for consequential damages. The SIMUL51-PC Simulator software 
includes updates for a period of one year. Third-party software and programmers sold by Nohau carry 
manufacturers’ warranties. 
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CHOOSING PODS for the EMUL51-PC 

People sometimes ask: “How do I choose which POD to use for the 8051-family chip I want to emulate?” 

Which POD you pick for your application depends on several things. What micro you are using, the frequency, the mode you 
are using it in, your target configuration, and price all play a part. The EMULSl-PC ORDER 
INFORMATION can help you choose among the POD types available from Nohau. 

Nohau has several categories of PODs: (1) External-mode PODs; (2) Bondout PODs; and (3) “Hooks”-mode PODs. 

1. External-Mode PODs 

External or microprocessor-mode PODs have several clear advantages. They are the cheapest type of POD. They have 

easily-replaceable standard microcontrollers. Your program runs on the real production part, with most 
of the lines directly connected to your target. You can use them where your microconu^oller has 
external program or external read-write memory. With this type of POD, Port 2 is used only for the 
upper address bus and not as port input-output (I/O). Port 0 is used as a multiplexed address and data 
bus. In most of these PODs, P3.6 can only be used as the write line and P3.7 as only the read line. The 
POD-31 is a typical external POD. 

Your target system shares Port 0 and Port 2 with the emulator. The emulator uses Port 0 to run its monitor code when it is not 
executing your code in real-time. When you are not running real-time emulation, the POD holds the 
Program Store ENable line (PSEN/) high so that your external read-only memory (ROM) is not 
enabled. It also holds the ReaD/ line and WRite/ lines high so that none of your external read- write 
random access memory (RAM) or I/O is enabled. 

But in the monitor (not emulating) mode, the address lines of both Port 2 and Port 0 are active and can output any address in the 
64 kByte address range. It is up to your target system to prevent enabling any device unless the PSEN/ 
or the RD/ or the WR/ line goes low. 

If you are emulating a ROM-less part, like the 8031, you can use the POD-31 type of POD. You also might use this POD for 

some internal ROM applications. You could use it for designs that have all of Port 2 and Port 0 used as 
external buses. This is true even though the program can be executed from on-chip 805 1 program 
memory in your final product. This is a case where your target schematic, rather than the device you 
are using lets you use this type of POD. So though the part may ultimately be an 8051 or 8751, you 
can use a POD-31 because you are using the ports as buses. 

If you are emulating the 80C31, 8032, 80C32 or 80C652, you can get external-mode PODs for these microcontrollers. With the 
POD-31, you can emulate all those parts in external mode at up to 12 MHz. You can get the POD with 
the correct micro installed, such as a POD-32. Or you can change among the types by changing the 
microcontroller component in the POD yourself. 

16 MHz, 20 MHz, 24 MHz, 30 MHz and 33 MHz PODs are available for 40-pin parts. If you use a POD-C31-1 with a 16 
MHz rated emulator, you can support such parts as the 80C31-1, 80C32-1 and 80C652-1. Any 
higher-frequency POD and emulator set can support all the lower frequencies. 

For emulating the 80C451, 80C552, or 80C562 other external mode PODs are available. PODs for dual inline package (DIP) 
parts have a DIP plug coming out of the bottom of the POD. PODs for plastic leaded chip carrier 
(PLCC) parts have a pin-grid array (PGA) plug coming out from the bottom of the POD. To plug a 
PGA POD into a PLCC socket, you can get an optional adapter. The PG A68-PLCC68 is a typical 
adapter. If your target board has feed-through holes and you solder a PGA socket into it, you don’t 
need an adapter. If your target board already has a PGA socket, you don’t need an adapter. 

POD-31-S: All the above external PODs use P3.6 as WR/ and P3.7 as RD/. But there is a 40-pin external mode POD version 
that lets you use these two lines as I/O. The basic board is the POD-31-S. This special -S option lets 
you select whether the two lines are to be WR/ and RD/ or else I/O. They can be unidirectional port 
lines (input-input, input-output, output-input, or output-output). You also can get this POD in the 
variations of 16 MHz and 20 MHz and any of the 40-pin part variations listed above. 
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2. Bondout PODs 

Bondout PODs use special microcontrollers that the semiconductor manufacturers designed to perform all the functions of the 
part. They also have additional lines ‘‘bonded out” from the chip that allow control for emulation. 
PODs with these special chips cost more than PODs with widely available commercial chips, but give 
you a greater flexibility in how you use the ports. These PODs allow you to use any combination of 
internal or external mode of the chip, and respond to the state of the External Access (EA/) pin. 

Nohau has bondout PODs for many different microcontrollers. 

You can emulate the 80/80C51, 87/87C51, 80/80C31, 80C/83C/87C652, 83C/87C654, 80C/83C662 and 80C/83C851 with the 
POD-C51B. 16 MHz and 24 MHz versions are available. 

To emulate the 83C451, 87C451 and 80C451 in the PLCC package, you can use the POD-C451B-PGA. See the previous 
discussion about PGAs. 

For emulating the 80C/83C/87C552 and 80C/83C/87C562 you can use the POD-C552B-PGA. It also is available in a 16 MHz 
and 24MHz versions. 

For emulating the 83C751 and 87C751, use the POD-C751. It has a 24 pin DIP plug on the bottom of the POD. You also can 
get an adapter to plug into 28 pin PLCC sockets. A 16 MHz version is available. 

For emulating the 8XCL410, 8XCL31, and 8XCL51, use the POD-CL410. 

For emulating the 83CL580, use the POD-CL580 and a special adapter. 

You should be aware of one small problem that most 8051 bondout parts have with serial communication. Specifically, if your 
program has written to SBUF, but the TI flag has not been set, and you then break emulation, the TI 
flag will never be set after you resume emulation. 

Bondout PODs give you the best of both worlds. They let you mix how you use the ports. So you can emulate the single-chip 
mode using the ports as I/O. Or you can emulate external bus mode. Or you can emulate a mix of both 
modes. 

3, “Hooks”-Mo(le PODs 

The newest type of POD Nohau offers uses a different technique for emulating. Certain chips can be put into a proprietary 
“hooks” mode that multiplexes the port information in and out of the part. The chip can still put out 
address and data. Most have 16 MHz versions available. This group includes these PODs: 

The POD-C752 is for emulating the 83C752 and 87C752. It has a 28 pin DIP plug on the bottom of the POD, You also can get 
an adapter to plug into 28 pin PLCC sockets. 

The POD-C52 can emulate the 80/80C/87/87C51, 80/80C/87/87C52, 80/80C31 and 80/80C32. You can use this POD when 
you need to emulate the 8052-type parts in single-chip mode when you are using Timer 2. 

The POD-C528 can emulate the 80/80C/87/87C528. 

The POD-C592-PGA can emulate the 8XC592. See the previous discussion about PGAs. 

The POD-C550-PG A can emulate the 80/80C/87/87C550. It has a 44-pin PGA plug. You also can get an adapter to plug into 
44-pin PLCC sockets. 

The POD-C575 can emulate the 8X575. 

The POD-C054 can emulate the 8XC053/054 “MTV” chip. 

With the “Hooks”-Mode PODs, you use jumpers to select whether the code is to be fetched from the emulator RAM or from 
external ROM. You also select whether the read-write memory is in the emulator or on your target 
board. The ports on these PODs may have slightly different electrical characteristics than the 
microcontroller. Specifically, some output signals can appear up to three clock cycles later than on the 
actual part. Also, some ports have greater current sink or sink and source capacity or slightly higher 
impedance than the actual part. For almost all applications, these differences will have no detrimental 
effects. 
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You can use any size EMUL51-PC emulator and optional trace board with any POD you choose in Nohau’s EMUL51-PC 
family. Choose an emulator and trace board with frequencies as fast or faster than the frequency of 
your fastest POD. If you need more information about which POD would best fit your application, 
please contact Nohau. 
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80C51 Family Programmers 


The LCP family of 80C51 programmers 
supports the entire line of Philips 80C51 
microcontroller derivatives. The LCP is a 
low cost approach to programming 
microcontrollers. It was designed to be 
used with a standard PC. The PC 
provides the “brains” or processing 
power and buffer memory. The LCP 
programmers are ideal for development 
purposes or short production runs. 

There are two models of the LCP 
programmer; one for the standard 40-pin 
DIP and 44-pin LCC devices, and the 
other for 24- and 28-pin DIP and 68-pin 
LCC devices. 


• Low cost programmers for 80C51 
family of microcontrollers 

• Serially linked to IBM PC— program 
time Is approximately 

3 minutes for 32K bytes 

• Programs and verifies code bytes 
and security bits 

• Programs microcontroller from 
standard hexadecimal files from PC 

• Provides one button function key 
routines for common operations 

• Allows programming multiple devices 
with the same code using a single 
command to repeat the blank 
check/program/verify function 



P8051LCP40 SD Programs 40-Pin DIP and 44-Pin LCC Devices 



P8051 LCPX SD Programs 24- and 28-Pln DIP and 68-Pin LCC Devices 
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Description 

• Serially linked to IBM compatible host by RS-232 serial link 

• Programs and checks security bits 

• Reads and verifies microcontroller code 

• Can be used to program multiple devices with one 
keystroke per device 

• Performs standard programming functions using PC 
function keys including: 

F1 Check Blank [Verifies all memory locations contain FF] 
F2 Program [Writes code from buffer into part] 

F3 Verify code [Ensures a match between the buffer code 
and the microcontroller code] 


Each Kit Includes: 

(both kits contain the necessary hardware and software to 
program Philips microcontrollers using an IBM compatible 
PC/XT/AT) 

• Programmer Board (1 65mm x 95mm) 

with Zero Insertion Force sockets, 9-pin D serial connector, 
and 9V power connector 

• Software provided on 5.25” floppy (360K) 

• User Manual with step-by-step instructions 

• RS-232 Serial Cable with 9-pin D connector to attach to a 
computer serial port 

• 9-pin D connector to 25-pin D connector adaptor 

• 9V to 11 OV AC adaptor 


F4 Verify Security bit [Checks status of security bit] 

F5 Auto Program (for multiple devices) [Allows sequential 
programming of several microcontrollers] 

F6 Read File (load buffer) [Reads a specified HEX file Into 
the buffer from disk] 

F7 Read ROM (reads microcontroller ROM is not secured) 
[Loads code in microcontroller into PC buffer] 

F8 View buffer [Allows user to view code] 

F9 Setup [Calls the setup menu to select parameters] 

FI 0 Quit [Returns to programmer main menu or to DOS] 


Specifications: 

• Circuit board— with Zero Insertion Force sockets 
(Board does not contain program buffer — buffer is kept in 
PC memory) 

RS-232 communication port for serial communications with 
a personal computer [Pin 2 RXD/TXD, Pin 3 TXD/RXD, and 
Pin 5 is Ground] (Jumper block on board) 

• Serial Cable with D connectors (approximately 6 feet long) 

• Programming software and manual 

(Software only runs on an IBM compatible PC/XT/AT under 
DOS 2.0 or higher) 


Ordering Information 


P8051LCP40 SD 

P8051LCPX SD 

Programs: 87C51 

Programs: 87C751 (DIP) 

87C550 

87C752 (DIP) 

87C52 

87C451 (PLCC) 

87C652 

87C552 (PLCC) 

87C654 


87C528 

Packages: 24-Pln Dual In-Line 


28-Pin Dual In-Line 

Packages: 40-Pin Dual In-Line 

68-Pin LCC 

44-Pin PLCC 

68-Pin LCC (alternate pinout) 

Available through Philips distributors. 

Available through Philips distributors. 

Suggested resale price: $275. 

Suggested resale price: $275. 


NOTE: Adaptor sockets are available from third parties for other packages. 


For more information, cail: (800)447-1500 
for the number of your nearest Philips Semiconductors Saies Office. 
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Development System 
for 80C51 and Derivatives 


PDS51 


INTRODUCTION 

The PDS51 is a board-level, full 
featured, In-Circuit Emulator for 
the Philips 80C51 family of 
Microcontrollers. It allows the user 
complete access to the internal 
registers and full execution control 
with no chip resources being 
consumed. As standard, the PDS51 
is supplied with sufficient memory to 
enable emulation of the complete 
64K of directly addressable code 
memory and a 28K line by 32 bit 
wide, real-time trace buffer. 

The PDS51 system consists of two 
interconnected modules. One board 
(the motherboard), contains the 
systems that are common to any 
derivative emulation such as the 
control microcontroller, logic, 
communication interface and power 
supply. The second board (the 
daughterboard), contains the 
bondout microcontroller which 
determines the target devices able to 
be emulated. Most daughter boards 
are able to emulate more than one 
target, making the range of devices 
available for emulation broad with 
minimal expense. 

External breakpoints, trace control, 
emulation running and fetch address 
controlled output trigger signals are 
provided for interfacing and 
synchronising to external equipment. 

The PDS51 is controlled via an 
RS232 serial interface by a PC 
running terminal emulation or the 
PDS51 -IDE debugger supplied. The 
Integrated Development Environ- 
ment is a windowed command and 
display environment which runs on 
PC XT, AT, 386, 486 or compatibles. 



PDS5 1 pictured with PDB552 


FEATURES 

• Supports Philips 80C51 family 

• Universal motherboard 

• Bondout dependant 
Daughterboard 

• In-Circuit emulation 

• No stolen resources 

• 64K emulation code space 

• Hardware Breakpoints (to 64K) 
on: 

Fetch address 

Fetch address and external 

signal 

• Real-time trace (28K steps by 32 
bits) 

• Traced information 

Fetch address 
Port pins 


External trace probes 
Control info (inta, c1 , movx) 

• Conditional trace on: 

Fetch address 
External signal 

• RS232 interface to PC 

• Controlled via Terminal Emulation 
with SDS command set or 
Debugger 

• Integrated Development 
Environment: 

Window interface 
Pull down menus 
Symbolic or Source level 
debug 

Borland style key strokes 
File interface via Hex or 
OMF51 

• Low cost 
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Development System 
for 80C51 and Derivatives 


PDS51 


The PDS51-IDE INTEGRATED DEVELOPMENT ENVIRONMENT 


The PDS51-IDE Integrated 
Development Environment pro- 
vides an easy to use windowed 
environment that consists of five 
non-overlapping resizable panes 
that display Code, SFR’s, internal 
data RAM, external data RAM (if 
enabled) and the stock area. 

Borland compatible hot-keys 
provide fast and familiar access 
to frequently used functions, while 
pull down menus lead the new 
user to the desired operation. 

File and DOS operations are 
integrated into the development 
environment with hot-key (or menu 
selected) entry to edit, assemble 
and load. 




The code pane displays 
disassembled symbolic source or 
a full source listing and a cursor to 
direct operations. SFR and 
memory operands under the 
cursor are evaluated and 
displayed at the top of the pane. 

Breakpoints, triggers, trace inhibits 
and external break points may be 
hot-key set and cleared at the cur- 
sor while remaining visible to the 
user as background shading of the 
source. 

The SFR pane layout, content and 
display format are user defined 
and may be edited at any time. 
Valid display formats include hex, 
ascii, binary, signed and unsigned 
decimal. 
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PDS51 


Data entry to SFR, internal and 
external memory may be made in 
hex, ascii, octal, decimal or binary 
at user discretion, reinforcing the 
fast and friendly interface concept. 

The huge 28K x 32 bit trace buffer 
is loaded in real time to provide 
subsequent viewing of past 
events. Executed code is 
presented in symbolic format on a 
cycle by cycle basis along with 13 
user selectable sampled inputs. 
Trace buffer viewing is aided by a 
cursor which is execution time 
referenced to the current program 
counter. Additional windows offer 
an execution profiler for identifying 
hot-spots for subsequent code 
optimization. 



TERMINAL EMULATION COMMAND SET 


Power-Up Commands 

RESET Back to initialization 

Program Execution Commands 

BRA Break on address, 

addresses or ranges of 
addresses 

BRn Break at given address 

{n = 0, 1,2, 3) 

BRR Break within given 

address range 

BRB Break at branch 

instruction 

BRX Break on address, 

addresses or ranges of 
addresses under external 
event control 

BV Break on internal RAM 

value 

GO Initiates program 

(FROM, TILL) execution 

(specified addresses) 

STEP (FROM) Executes single 

(FROM) instruction or 

instructions (from a 


specified address) 

UD User-defined memory 

address on display 
Memory Access Commands 
□BYTE Displays specified byte 

from internal data 
memory 

XBYTE Displays specified byte 

from external data 
memory 

GBYTE Displays specified byte 

from code memory 
RBYTE Displays specified byte 

from on-chip register 
memory 

RBIT Displays specified bit 

from on-chip bit- 
addressable memory 
ASM Assemble single 

instruction mnemonic 
into program memory 
DASM Disassemble memoiy 

values into mnemonics 


Memory Set Commands 

All registers can be set 
and displayed by 
commands equal to their 
names (PSW, SCON, P3, 
TH1,TL1,TL0, etc...) 

Serial I/O Interace Commands 

SAVE Copies data from PDS51 

program memory to host 
disk file (hex) 

LOAD Transfers file (hex) from 

host to PDS51 

Trace & Event Control Commands 

TRACE Display executed 

instruction flow as 
sampled in real-time 

TRIGGER Address, addresses or 

ranges of fetch 
addresses which control 
the external trigger o/p 

TRACE Address, addresses 

INFliBIT or ranges of fetch 

addresses which can be 
excluded from tracing 
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SPECIFICATIONS 

Emulation: 

• 64 K bytes of code space 

• in-circuit emulation via bondout 

• no stolen resources 

Trace Memory: 

• Real-time sampling 

• 28K bytes deep 32 bits wide 

• 1 6 bits address 

• 13 bits of port lines or user signals 
via test clips (sampled S5P1) 

• 3 bits of control (C1 , inta, movx) 

• input filtering on fetch address 

Break Points: 

• Hardware based 

• up to 64K on fetch address 

• up to additional 64 K on external 
signal and fetch address 

User Interfaces: 

(1) Dumb Terminal Emulation (not 
supplied) 

Command Line Instructions 

(2) Windowed full screen debug 
environment. Requires: 

PC XT/AT/386/486 or 
compatible 

MSDOS ver 3.1 0 or later 
51 2K bytes RAM or greater 
Monochrome/EG/WGA Screen 
interface 

Interface Signals: 

(TTL, 47K pullup terminated) 

FT Force Trace I/P 

overide trace input filter 
BP Breakpoint I/P 

external event breakpoint 


Fetch address sensitive 
(Sampled S2P1) 

EM Emulation O/P 

signals Emulation running 
ET External Trigger O/P 

Fetch address controlled 
trigger O/P 

64K resolution (updated S2P1) 

File Format: 

Intel Hex, OMF51 

Serial Interface: 

• RS232C 

• Asynchronous, 8 data, no parity, 

1 stop bit 

• 9 Pin ‘D’ connector 

• Rxd/Txd pin 2, 3 jumper 
swapable 

• 9.6K/1 9.2K/38.4K/1 1 5.2K Baud 
jumper selectable 

• Xon/Xoff handshaking 

Size: 

Motherboard and daughterboard 
1 30mm x 1 1 0mm x 42mm (LW.H.) 

Speed: 

• 3.5to12MHz 

• no wait states 

• no stolen cycles 

Power Supply: 

• 9V nom (6.5 to 9.5V) 

• 800mA max, 500mA typ 
(PDS51 -r PDB654) 

• 3.5mm Phono Plug centre positive 
connection 


ORDER CODES 

PDS51 Mother board complete 
with 64K of Emulation 
memory. Requires 
Daughter Board for 
operation 

PDB654 Daughter Board 
incorporating 654 
bondout. With PDS51 
emulates 87C654/652/51 
Supplied with 40pin DIE 
footprint 

PDB52 Daughter Board 

incoporating 52 bondout. 
With PDS51 emulates 
87C52/51 Supplied with 
40pin DIE footprint 

PDB752 Daughter Board 
incorporating 752 
bondout. With PDS51 
emulates 87C752/ 
751/750 Supplied with 
28pin DIE and 24pin DIE 
footprints 

PDB528 Daughter Board 
incorporating 528 
bondout. With PDS51 
emulates 87C528/524 
Supplied with 40pin DIE 
footprint 

PDB552 Daughter Board 
incorporating 552 
bondout. With PDS51 
emulates 87C552 / 562 / 
654 / 652 / 51 Supplied 
with 68pin PLCC 
footprint and 40pin DIE 
footprint 

PDA44 Footprint adaptor DIL40 
to PLCC44 
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80C51 - Pc Bus Elevation Board 


S87C000KSD 


The S87C000KSD Evaluation Board 
is a low cost, stand-alone, board 
level product, designed for evalua- 
tion of the I^C Bus and Philips 
80C51 derivative microcontrollers. 

Its modular board layout and 
modular software make it useful for 
fast prototyping and as an 
educational tool. 

This attractive board is supplied with 
an 87C751 (OTP) microcontroller 
programmed with the demonstra- 
tion software. Sockets for the 
87C752, 87C654/528 and the 
87C552 are included on the board. 
They are provided to facilitate 
customer development of software 
for these microcontrollers. 

A comprehensive user manual is 
supplied which includes circuits, 
layouts, and demonstration source 
code listing. The user needs only to 
provide power from a QV 200mA 
plug pack or similar DC power 
supply. A 3.5mm socket for this is 
provided on the board. 



The S87C000KSD has 1 6 sections demonstrating and displaying 
10 I^C-bus devices. 


SECTION 

DEVICE 

Microcontroller 

87C751 

LCD Display 

PCF8577/LTD226F-12 

LED Display 

SAA1064 

8-bit Parallel I/O 

PCF8574A 

8-bit Parallel I/O 

PCF8574 

RAM 

PCF8570 

EEPROM 

PCF8582 

Clock / Calendar 

PCF8583 

DTMF Dialler 

PCF3312/TDA7050T 

A/D and D/A 

Socket for 87C752 

Socket for 87C654 / 528 
Socket for 87C552 with 
external RAM and latch 
RS232 Interface 

Power Supply 

Prototyping Area 

PCF8591 
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Symbolic debugging package XRAY51 
for the SDS 8051 emulator 


OM4129 


The XRAY^^SI package enables the 
software developer to monitor and control the 
execution of a target program using the same 
high-level or assembly-level terms, definitions 
and structures found in the original source 
program. It employs a window-oriented user 
interface which segregates the debugging 
information into meaningful areas. Two 
versions of XRAY51, each with identical user 
interface, are available: 

• An emulator version* using Philips’ SDS 
8051 emulation hardware as engine 

• A simulator version* using a software 
engine. 

The emulator (debugger) facilitates 
debugging in real-time on a real target; the 
simulator supports debugging In an 8051 
environment, simulated In software on the 
host system. Both versions control the 
execution of the program and allow the user 
to stop, start, and examine the target 
software by means of a powerful command 
language that employs C language 
expressions. 

XRAY51 HIGH-LEVEL 
DEBUGGER 

The XRAY51 debugger helps to locate 
programming errors in the source code of C, 
PUM or assembly language programs for the 
8051 family of microcontrollers. The user can 
isolate these errors by controlling and 
monitoring program execution. For example, 
the user can single-step through the program 
a specified number of microcontroller 
instructions or high-level language lines. 


Variables can be accessed with respect to 
the source language in which they had been 
defined (i.e., Pl_/M or Assembly). Operating 
XRAY51 in Assembly mode, the user can 
manipulate the contents of all processor 
registers. Only those registers that are part of 
the selected 8051 derivative are allowed to 
be accessed. 

Macros may be defined that can execute 
complex user command procedures and 
provide a variety of complex breakpoints. 

When debugging with XRAY51 , the user can 
examine the contents and modify the value of 
any variable, compute the value of C, PUM 
source language expressions and assembly 
level address expressions, and define, 
remove, or display symbols. 

Command files can be used to direct 
XRAY51 to read or write simulated 
microprocessor input/output from or to a file, 
allowing easy implementation of automated 
test sequences. Command files enable 
scripts of debugger commands to be 
processed automatically without the need of 
user interaction. 

XRAY51 also allows a virtually unlimited 
number of user-defined windows. 

FEATURES 

The XRAY51 debugger has been designed 
with the developer of embedded applications 
in mind. Its principal features are: 

• Integrated PL/M-51 source-language and 
assembly-language debugging; toggle by 
function key at any time 


• Window-oriented display which segregates 
debugging information into meaningful 
areas 

• Symbolic debugging with C, PL/M-51 
variables and C. PL/M-51 statements 

• Simple and complex breakpoints 

• Single-step execution 

• User-definable screens and 
viewports— ability to write selected 
information 

• Command macros 

• Breakpoint macros (limited to the number 
of breakpoints of the SDS 8051 ) 

• Command breakpoint macros may contain 
C statements, including: FOR, WHILE. DO, 
PRINTF, and FPRINTF 

• On-line context-sensitive help 

• Command files 

• Output logging 

• Fully supports SDS 8051 with the latest 
firmware version 

• High-level trace 

• Transparent ICE mode for direct control of 
SDS 8051 

• Supports most 8051 -derived 
microcontrollers, including the 80C51/31, 
87C51 , 8XC451/528/552/562/592/652/654/ 
751/851, 8XCL410/710/51 and the 
8051/31/52/32. 


XRAY is a trademark of Microtec Research Inc., which holds all intellectual property rights for XRAY51 . 

* The SDS 8051 emulator version of XRAY51 is available from Philips Semiconductors (type number OM41 29) and is sourced from 
BSO/Tasking Software B.V., Amersfoort, The Netherlands. The simulator version is available from BSO/Tasking Software B.V. 
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COMMANDS 

Note, all commands can be issued in an 
abbreviated form. 

Session Control Commands 

HOST Enter the host operating 

system environment 

LOAD Load an object module for 

debugging 

QUIT Terminate a debugging 

session 

Execution and Breakpoint 
Commands 

BREAKINSTRUCTION 

Set an instruction 
breakpoint 

CLEAR Clear a breakpoint 

GO Start or continue program 

execution 

GOSTEP Execute macro after each 

instruction step 

STEP Execute a specified 

number of instruction lines 
STEPOVER Step, but execute through 

procedures 

Display Commands 

DISASSEMBLE Display disassembled 

memory (assembly mode) 
DUMP Display memory contents 

EXPAND Display all local variables 

of a procedure 

FIND Search for a string 

FOPEN Open a file or device for 

writing 

FPRI NTF Print formatted output to a 

viewport or file 

LIST Display source code 

MONITOR Monitor variables 

NEXT Find next occurrence of a 

string 

NOMONITOR Discontinue monitoring 

variables 

PRINTF Print formatted output to 

command viewport 
PRINTVALUE Print the value of a 

variable 

Memory Commands 

COMPARE Compare two blocks of 

memory 

COPY Copy a memory block 

FILL Fill a memory block with 

values 

SEARCH Search a memory block for 

a value 


SETMEM 

Change the values of 
memory locations 

SETREG 

Change the contents of a 
register 

TEST 

Examine memory area for 
invalid values 

Port I/O and Interrupt Commands 

DIN 

Display input port buffer 
values 

DOUT 

Display output port buffer 
values 

INPORT 

Set or alter input port 
status 

INTERRUPT 

Simulate an interrupt 

NOINTERRUPT 

Cancel pending interrupts 

OUTPORT 

Set or alter output port 
status 

RIN 

Rewind input file 
assodated with input port 

ROUT 

Rewind output file 
assodated with output port 

Symbol Commands 

ADD 

Create a symbol 

DELETE 

Delete a symbol from the 
symbol table 

PRINTSYMBOLS Display symbol, type, and 
address 

SCOPE 

Spedfy current module 
and procedure scope 

Utility Commands 

CEXPRESSION 

Calculate the value of an 
expression 

ERROR 

Set include-file error 
handling 

HELP 

Display On-line help screen 

INCLUDE 

Read in and process a 
command file 

JOURNAL 

Record a debugger 
session in a file 

LOG 

Record debugger 
commands and errors in a 
file 

MODE 

Select debugger mode 
(high or assembly) 

OPTION 

Set debugger options for 
this session 

PAUSE 

Pause simulation 

RESET 

Simulate microprocessor 
reset 

RESTART 

Restart program counter to 
the program starting 
address 

STARTUP 

Save the default start-up 
options 


Macro Commands 

DEFINE Create a macro 

SHOW Display the macro source 

Viewport Commands 

VACTIVE Activate a viewport 

VCLEAR Clear data from a viewport 

VCLOSE Remove a user-defined 

viewport or screen 
VMACRO Attach a macro to a 

viewport 

VOPEN Create a screen or 

viewport or change sizes 
VSCREEN Activate a screen 

VSETC Set the cursor position for 

a viewport 

ZOOM Increase or decrease the 

size of a viewport 

Function Key Commands 

VACTIVE“1 Activate the next viewport 

(counter clockwise) 

VACTI VE+ 1 Activate the next viewport 

(clockwise) 

MODE Change debugging mode 

(assembly/high) 

ZOOM Increase or decrease the 

size of a viewport 

HELP Access on-line help 

VSCREEN Change the active screen 

BACK UP Back up one command 

STEP Execute one machine 

instruction or source line 
STEP OVER Step, but execute through 

procedures 

In-Circuit Emulator Commands 

ICE Communicate with 

in-circuit emulator (ICE) 
NOICE Return to debugger 

command mode 

RESTRICTIONS 

• Up to 4 instruction breakpoints are allowed 
simultaneously. 

• When an instruction has a breakpoint set, 
control is returned to XRAY a/ferthis 
instruction has been executed. However, 
the information about the break address 
returned is correct, so user actions (like 
macros) are executed as expected. 

• In the current release, the TRACE 
capability of the SDS 8051 is supported by 
means of the ICE/NOICE command. The 
SDS 8051 TRACE information can be 
recorded in a journal file, by means of the 
JOURNAL command. The next release of 
XRAY51 will support emulator tracing 
within the debugger. 
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HARDWARE/SOFTWARE 

REQUIREMENTS 

XRAY51 software is supplied on 5 V 4 ” 
diskettes ( 3 V 2 '* diskettes are available on 
request) together with the documentation: the 
XRAY51 User’s Guide, XRAY51 Installation 
Guide and the XRAY51 Reference Manual. 
XRAY51 will run on an MS-DOS computer 
equipped with a hard disk and at least 
512kbyte RAM. 

To work with XRAY51 .you will also need: 

• An ASM51 Intel-compatible relocatable 
cross-assembler and LINK51 
Intel-compatible linking loader (version 1 .0 
or later). 

If you want to use the high-level language 
capabilities of XRAY51, the following 
PL/M-51 compiler is required: 

• PLMTI51 (version 2.0 or later) with the 
ASM51 assembler 

These products can be ordered from Philips 
Semiconductors. See Ordering Information. 


Contact your local Philips representative for 
specific enquiries. Ask for the following 
leaflets: 

Stand-alone debug station for 
80C51/8051 -based systems, ordering code 
9398 366 00011; 

PL/M-51 compiler package for 
80C51/8051 -based systems, ordering code 
9398 366 20011; 

Cross-assembler package for 

80C5 1/8051 -based systems, ordering code 

9393 366 30011. 

SOFTWARE MAINTENANCE AND 
SUPPORT 

After a 90-day warranty period, in which all 
support will be given free of charge, a 
software update and support agreement can 
be taken out with Philips for a modest annual 
fee. Philips realizes your need for fast and 
comprehensive support, and with a support 
license, you get direct access to a 
development team that can solve your 
problems. 


ORDERING INFORMATION 


TYPE NUMBER 

DESCRIPTION 

OM4129 

XRAY51 high-level language debugger for the SDS 8051 ; MS-DOS 

Related Products 

OM4142 

Cross-assembler package comprising the ASM51 assembler, 
and the LINK51 linker 

OM4144 

Compiler package comprising the PLMTI1 


Orders can be placed via your local Philips Semiconductors sales representative. 


™ Intel is a trademark of Intel Corporation. 

MS-DOS is a trademark of Microsoft Corporation. 
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Code Optimization 

The compiler intermediate layer performs 
general code-optimization and the 
code-generator does some final optimizations 
that are specific to the 8051 . 

General Optimizations: 

• Register allocation 

• Branch optimization 

• Dead code elimination 

• Constant folding 

• Arithmetic simplification 
Code Generator Optimizations: 

• Store-copy optimization 

• Peephole optimization 

Adaptation to Target 
Environment 

Cross-compilers are used to develop 
embedded microcontroller applications, 
where the hardware environment in which 
they will run Is not fixed in advance. The 8051 
compiler allows flexible adaptation to different 
target environments: 

• The compiler supports 4 different memory 
models. This allows the compiler to 
generate the best possible code for a 
particular hardware implementation. 

• Interrupt service routines can be written In 
C or assembly (through special controls) 


• Generated code is ROMable 

• 8051 derivative is switch selectable 

• User-controlled mapping of code and data 

Pragmas 

The directive is intended to supply 

target dependant data to the compiler, without 
violating the C language. In C-51 , pragmas 
are used to merge C lines with generated 
assembly, to control code generation for 
interrupt service routines and to support inline 
assembly programming. 

LIMITATIONS 

The use of several C constructs Is restricted 
to a maximum number, as proposed by ANSI. 
Both the preprocessor and compiler meet 
these ‘environmental requirements of a 
conforming implementation'. As an additional 
constraint however, the number of statements 
in a function body is restricted to 
approximately 1800. 

DOCUMENTATION 

The compiler Is shipped with the 8051 C 
Compiler User Manual. 

Additional information about the C language 
can be found in “The C Programming 
Language" (second edition), by B. Kerighan 
and D Ritchie (1988, Prentice Hall). 


RELATED PRODUCTS 

The C51 compiler (OM4136) is part of a 
complete programming and development 
package for the 8051 family of 
microcontrollers. This incorporates a HLL 
debugger, XRAY-51 (OM4129) in 
combination with Philips' SDS-8051 emulator, 
PUM-51 compiler (OM4 144), 
cross-assembler and (optimizing) linker 
(OM4142), all available from Philips 
Semiconductors. 

SOFTWARE MAINTENANCE AND 
SUPPORT 

After a 90 days warranty period, in which all 
support will be given free of charge, a 
software support contract is availabe from 
BSO/Tasking at a modest annual fee. 
BSO/TaskIng realizes the need for fast and 
thorough support in this complex area where 
a lot of time may be wasted before a 
(afterwards simple) problem is isolated and/or 
tackled. With a support license, you can use 
BSO/Tasking resources to solve your 
problem. You will get a direct access to 
experienced engineers. Furthermore, you 
receive (free of charge) the periodical 
BSO/Tasking Newsletter, regarding revisions, 
hints and documentation corrections. 


Memory Models 


MODEL 

DATA ALLOCATION 

APPLICATION 

small 

static, in on-chip direct addressable RAM {data) 

fast programs in small environments 

auxpage 

static, in first page of external RAM {pdatj 

derivatives with 256 bytes on-chip “external" RAM 

large 

static, in external RAM (xdat) 

fast, non reentrant with large external RAM 

reentrant 

dynamic + static, in external RAM (xdat) 

large, reentrant programs In large environments 


ORDERING INFORMATION 


TYPE NUMBER 

DESCRIPTION 

OM4136 

8051 C-compiler package 

Related Products | 

OM4144 

PLM-51 compiler 

OM4142 

8051 cross-assembler and linker 

OM4129 

XRAY51 high-level language debugger for the SDS 8051 


Orders can be placed via your local Philips Semiconductors sales representative. 


Sourced from BSO/Tasking Software B.V.. Amersfoort, The Netherlands, which hoids all intellectual property rights for this software. 
Intel is a trademark of Intel Corporation. 

MS-DOS and XENIX are trademarks of Microsoft Corporation. 

XRAY is a trademark of Microtec Research Inc, 

UNIX is a trademark of AT&T Bell Laboratories. 

VAX, microVAX, VMS and Ultrix are trademarks of Digital Equipment Corp. 

I-IP9000 and HP-UX are trademarks of Hewlen Packard Co. 

SUN-3 and SunOS are trademarks of Sun Microsystems Inc. 

IBM PC is a trademark of International Business Machines Corp. 
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This package comprises the cross-assembler 
for translating 8051 assembly language 
programs into relocatable object code: 

• The ASM51* macroassembler which 
accepts Intel-compatible assembler source 
programs and produces relocatable '-.OBJ' 
object files. An absolute or executable 
'A.OUT load-image is obtained using the 
LINK51 linker. 

The absolute object file can be modified to 
IEEE format to serve as input to the XRAY51 
debugger. 

FEATURES 

• Produces relocatable object code, listing 
files and diagnostic messages 

• Accepts Intel-compatible source programs 
(ASM51) 

• Supports most 8051 -derived 
microcontrollers including the 80C51/31 , 
87C51 . 8XC451/528/552/562/592/652/ 
654/751/851 , 8XCL41 0/710 and the 
8051/31/52/32. 

• Compatible with PL/M-51 compilers 

• Conversion to IEEE object code format 

• Compatible with XRAY51 
High-Level/Assembly-Level Debugger 

• Includes many utilities such as, Librarian, 
Cross-reference generator, object 
code-convertors 

• Supports segment overlay at the Assembly 
level 

• C and MPL (Macro Programming 
Language) compatible macro 
preprocessors included 

• Separate linking phase. 

OPERATION 

The input to both assemblers usually comes 
from a preprocessor which interprets 
preprocessor directives in the source 
program to deal with file inclusion, macro 
definition and replacement, conditional text 
inclusion, etc. Two preprocessors are 
available as separate programs, allowing the 
programmer to use either the C preprocessor 
directives or Intel's Macro Programming 
Language, or even a mixture of both. 

The output may then be assembled using the 
ASM51. Depending on the selected member 
of the 8051 family, the ASM51 assembler 
enables or disables the names of special 
function registers that are applicable. For the 
ASM51 , this is easily solved by 
target-dependent Inclusion of a specific 
equate list in the source file. 


The assembler ti'anslates a source program 
into relocatable object code using three 
different passes. The program syntax, 
assembler directives and user-defined 
symbols are checked and processed during 
the first pass. In the second pass, all generic 
fonvard jumps and calls are optimized. In the 
third pass, relocatable code is generated. 

To obtain a single executable load image, all 
necessary relocatable objects, including 
library modules, are linked together using the 
proper linker (i.e., LINK51). This executable 
load image may then be converted to an 
ASCII file that may be downloaded into an 
EPROM programmer or an emulator. 

The assembler is capable of generating 
symbolic debug information to accommodate 
information for tiie XRAY debugger. 

ASSEMBLER LIMITATIONS 

The number of user-defined symbols and 
macro parameters is limited only by the 
available heap space. Save/restore nesting is 
restricted to 16 levels. 

DIFFERENCES BETWEEN 
PHILIPS’ ASM51* AND 
INTEL’S ASM51 

Unlike Intel’s ASM51 , which restricts the use 
of register equates to the A and R0-R7 
registers, Philips’ ASM51 puts no constraints 
on register name assignment. And it can 
optimize generic JMP and CALL instructions, 
even when they contain a fonvard reference. 
In such cases. Intel’s ASM51 will always 
produce code for a LJMP and LCALL, which 
takes 50% more code. 

Philips’ ASM51 supports four new directives 
that are not available in the Intel ASM51 ; 

• $llstall generate a listfile in 

every pass (not only in 
the final one). This 
improves diagnostics. 

• $(no-)optimize enable (default) or 

disable generic 
JMP/CALL optimization. 

• $debuginfo control symbolic debug 

Information generation. 

Since the $gen, $genonly, $nogen, $lnclude 
and $macro directives are already dealt with 
during the preprocessing stage, these can be 
ignored by Philips’ ASM51 . 

Similarly. $(no-)xref and $(no-)symbols 
directives are ignored — report utilities are 


available to accomplish the same task. And 
the $workfiles is no longer useful and is 
ignored too. 

Philips’ ASM51 recognizes 7SYMB, 7LINE 
and 7FILE symbols that are used to pass 
debug information towards the object module. 
Philips’ ASM51 recognizes the C-Iike #line 
directive to adjust the line number and file 
name. This directive is generated by both 
preprocessors to synchronize the output line 
with the original input. This improves the error 
diagnostics of Philips’ ASM51 compared with 
those of its competitors, since error 
messages now refer to the proper (include) 
file and line number. 

A powerful addition is the overlay() which 
gives the programmer full control of the 
section overlay strategy. 

UTILITY PACKAGE 

Several utility programs are included for your 
convenience. Amongst these are a C 
preprocessor (cpp) and an Intel 
MPL-compatible preprocessor (mpl) to deal 
with the various preprocessor directives and 
macros. 

In many cases, the format of the object code 
produced is not suitable for 
EPROM-programmers, emulators or 
debuggers. Therefore, several utilities are 
Included to convert the code to Intel HEX 
(octjhex). Motorola S0-S9 (oct_srec) or 
IEEE-695 (octjeee) or vice-versa (ocfjhex, 
ocf_srec). 

An optional utility package is available 
separately from Tasking Software B.V. It 
contains UNIX-like utilities to obtain a 
(cross-reference) list of all user-defined 
symbols in a program (’axref and ’anm’), and 
the ‘asize’ utility to get information about the 
section sizes. 

HARDWARE/SOFTWARE 
REQUIREMENTS AND 
INSTALLATION 

OM41 42 software comes to you on 5 V4’’ 
diskettes diskettes are available on 
request) together with extensive 
documentation, including two Assembler 
Reference Guides, Preprocessor Manuals, 
Utility and Installation Guide. The software 
requires an MS-DOS computer with a hard 
disk and at least 51 2k byte RAM installed. 
Software installation is simple, 
well-documented and can be verified 
afterwards using an automatic verification 
program. 


* Sourced from BSO/Tasking Software B.V., Amersfoort, The Netherlands, which holds all intellectual property rights for this software. 
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RELATED PRODUCTS 

The OM4142 assembler is part of a complete 
programming and development package for 
the 8051 family of microcontrollers. For both 
assemblers, there is an excellent PLyM-51 
compiler available from Philips offering the 
convenience and benefits of high-level 
language programming, resulting In a 
dramatic increase of programmer productivity. 
Testing and debugging can be accelerated 
using the High-Level/Assembly-Level 
XFIAY51 debugger. Contact your local Philips 
Semiconductors software sales office for 
more Information. Ask for the following 
leaflets: 

Symbolic debugging package XRAY51 for the 
SDS^SI emulator, ordering code 
9398 366 10011; 


PUM-51 compiler package for 

80C5 1/8051 -based systems, ordering code 

9398 366 20011; 

Stand-alone debug station for 
80C51/8051 -based systems, ordering code 
9398 366 00011. 

SOFTWARE MAINTENANCE AND 
SUPPORT 

After a 90-day warranty period, in whidi all 
support will be given free of charge, a 
software update and support agreement can 
be taken out with Philips for a modest annual 
fee. Philips realizes your need for fast and 
comprehensive support, and with a support 
license, you get direct access to a 
development team that can solve your 
problems. 


ORDERING INFORMATION 


TYPE NUMBER 

DESCRIPTION 

OM4142 

8051 cross-assembler package comprising ttie 
ASM51 assembler, and the LINK51 linker 

Related Products 

OM4144 

PL/M-51 compiler package comprising the compiler 

OM4129 

XRAY51 high-level debugger for the SDS 8051 


Orders can be placed via your local Philips Semiconductors sales representative. 


Intel is a trademark of Intel Corporation. 

XRAY is a trademark of Microtec Research Inc. 
MS-DOS is a trademark of Microsoft Corporation. 
UNIX is a trademark of AT&T Bell Laboratories.. 
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This package comprises the cross-compiler 
(PLMTI51*) which efficiently translates 
programs written in the PL/M-51 language 
into 8051 Assembly. The PLMTI51 generates 
Intel-compatible source, which can be 
assembled and linked using Philips’ ASM51 
and LINK51 programs. 

This compiler embodies the latest 
techniques. It is built upon a YACC-based 
parser. Intermediate code is built using tree 
structures that are optimized into new trees 
by the compiler before code-generation 
starts. An internal peephole optimizer further 
improves the density of the generated code. 

It can be ordered under the Philips’ type 
number OM4144. 

FEATURES 

• State-of-the-art compiler: fast, single-pass, 
memory-based 

• Fully compatible with the Intel PL/M-51 
language definition 

• Fully compatible with Philips’ 
ASM51/LINK51 cross-assembler and linker 

• Produces highly optimized code 

• Supports most 8051 -derived 
microcontrollers, including the 80C51/31 , 
87C51 . 8XC451/528/552/562/592/652/654/ 
751/851, 8XCL410/710/51 and the 
8051/31/52/32 

• Both compilers support the XRAY51 
high-level language debugger, available 
from Philips 

• Supports in-line assembly code 

• Optional IEEE single-precision floating 
point package 

• Includes several utility programs: pr, grep, 
aar, cpp, scfj51 , ocf_o51 , octjhex, 
octjeee, oct_srec, ocfjhex, ocf_srec, 
makelib and pack 

• Utility library included in source code 

• Combiner performs optimization at load-file 
level (Philips’ ASM51 only) 

• Easy tailoring to application and target 
hardware 

• Produces relocatable code and data 

• Available for many hosts besides the IBM 
PC (MS-DOS), for example: (micro-)VAX, 
(VMS. Ultrix), HP9000/300 (HP-UX). 

SUN-3 (Sun-OS); available from 
BSO/Tasking Software B.V. 

• Supports optimize(4): intermodule overlay 
optimization 

• Supports 1 5 interrupts 


• Automatic installation with self-test 

• Benchmarks available on request 

PL/M-51 

PLyM-51 is a sfructured, high-level 
programming language derived from the Intel 
PL/M-80 language and adapted to the 
specific capabilities of the 8051 family of 
single-chip microcontrollers. It supports 
Boolean processing and allows efficient 
access to all microcontroller hardware 
functions. 

Software development in PL/M-51 combines 
the ease of programming in a high-level 
language with access to all of the 8051 I/O 
and memory — ^features that are normally only 
available to assembly language 
programmers. 

The Philips’ implementation of PL7M-51 is an 
extremely fast single-pass optimizing 
compiler that is fully compatible with the Intel 
PL/M-51 language definition. 

IMPLEMENTATION-DEPENDENT 

DATA 

Data Types 

• Data types BIT, BYTE and WORD are 
allowed for variables, arrays, structures or 
combinations ttiereof. 

• Memory types MAIN. IDATA, REGISTER, 
AUXILIARY and CONSTANT are 
supported. 

• Data can be stored at fixed locations using 
AT, or stored dynamically using BASED 
pointer variables. 

Procedures 

• BIT, BYTE or WORD typed procedures, 
returning a value upon completion 

• Untyped procedures, invoked with a CALL 
statement 

• Optional procedure attributes: 

- USING(n), specifies the register bank (n) 
to be used by the procedure. 

- INTERRUPT(n), defines an interrupt 
procedure for interrupt (n). 

Statements 

• Control statements: do while ... end, do ... 
to ... by ... end 

• Conditional statements: if ... then ... else ... 

• Miscellaneous statements, do ... end, do 
case ... end, call, goto, enable/disable 


Library Routines 


Internal (Built-in) Procedures: 


LENGTH 

WORD 

EXPAND 

SHR 

SCL 

TIME 

LAST 

DOUBLE 


PROPAGATE 

ROL 

SCR 

SIZE 

BOOLEAN 

SHL 

ROR 

TESTCLEAR 


PLM51.UB: 

Library routines used by the compiler. 


UTIL51.LIB or utilSI.oa, utilSI : 

Assembler utility libraries for both compiler 
versions, consisting of procedures for string 
manipulation. It contains the routines MOV, 
RMV, CMP, FNDB, FNDW, SKPB, SKPW, 
SETB and SETW for each memory type and 
for each register bank. 


Re-entrancy 

The generated code is not re-entrant, 
because PL/M-51 is not defined as a 
language with re-entrant procedures. 
Because of the limited size of internal RAM, 
the local and formal parameters of 
procedures are not put on the stack, but on 
static areas, which can be overiayed by the 
compiler using $OPTIMIZE(3). 

Compiler Controls 

ROM(s), REGISTERBANK(n), OPTIMIZE(n). 
(NO)INTVECTOR, (END)ASM, INCLUDE, 
SAVeRESTORE, (NO)LIST, (NO)SOURCE, 
(NO)CODE, (NO)DEBUG, (NO)OBJECT, 
SET/RESET, EJECT and 
IF/ELSIF/ELSE/ENDIF 


Differences Between Phiiips’ and 
Inters PUM-51 

• Philips’ PL7M-51 allows bit-structures to be 
ATed at byte-variables in bit-addressable 
memory 

• Philips’ PL/M-51 supports floating point 

• Invocation and compiler controls are mostly 
different 

• Object modules are not generated 

• Error messages are mostly different 

• Different assembly language interfacing 
(only for Philips’ pImSI) 

• Compiler limits always the same or better 
than Intel’s 


* Sourced from BSO/Tasking Software B.V., Amersfoort, The Netherlands, which holds all intellectual property rights for this software. 
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Code Optimization 

Five levels of optimization are supported: 

• Level 0: performs folding of constant 
expressions and of address calculations, in 
case a constant offset exists. 

• Level 1 : performs all of level 0 plus 
elimination of unreachable code, strength 
reduction of expressions and partial 
condition evaluation at runtime. 

• Level 2; performs all of levels 0 and 1 plus 
machine code (peephole) optimizations 
and register history. 

• Level 3: performs all of levels 0, 1 , and 2 
plus automatic overlaying of on-chip RAM 
variables. 

• Level 4: performs all of the other levels 
plus support of intermodule overlay of 
on-chip data. 

General Optimizations 

• Store-copy optimization 

• Local constant propagation 

• Register allocation 

• Peephole optimization 

• Dead code elimination 

• Constant folding 

• Index simplification 

Object-code Optimizations 

• Branch optimization (sjmp, ajmp, Ijmp, 
acall, Icall) 

• Effective address optimization 

8051 -Specific Optimizations 

• Optimal use of the range of address modes 
of the 8051 family 

• Overlay of local data and formal 
parameters done by $OPTIMIZE(3)/(4) 

Easy Adaptation to Target 
Environment 

Cross-compilers are used to develop 
embedded microprocessor applications, 
where the hardware environment in which 
they will run is not fixed beforehand. 
Adaptation to the target hardware 
environment takes place via the files headx. 
These files are used to define all 
system-dependent set-ups such as the 


power-on-restart vector, the initial 
stackpointer value, the definitions of 
segments needed by the PL/M-51 code and 
the mapping of those segments to the 
physical addresses. The files can be modified 
by the user to match his specific needs. 

The PL/M-51 cross-compiler can 
accommodate different target environments, 
because: 

• The location of the stack is held In a 
special target set-up file (head_xx file) 
which can be changed to match your 
requirements 

• This target set-up file also allows general 
housekeeping tasks to be executed before 
program start-up 

• Simple interfacing to target operating 
systems and low-level I/O and system 
routines 

• Code and data segments can be placed 
anywhere In the 64kbyte data and address 
space of the 8051 processor 

• Efficient calls to library routines can be in 
PL/M or assembler (in-line) 

• A user-written interrupt handier can be 
made by specifying $NOINTVECTOR 

• The generated code is ROMable. 

Restrictions 

The PL/M-51 compiler has a few restrictions 
listed here for completeness: 

• Nesting of all LITERALLY invocations: 8 

• Nesting of INCLUDE controls: 8 

• Nesting of blocks: 32 

• Number of elements in a factored list: no 
limit 

• Number of characters in an input line: 160 

• Number of switch names (conditional 
compilation): 20 

• Length of a string constant: 254 

• Number of cases in a DO CASE block: 84 

• Number of EXTERNAL Items: no limit 

• Number of non-EXTERNAL procedures in 
module: no limit 

• Number of names in a module: memory 
dependent 


UTILITY PACKAGE 

Several utility programs are included for your 
convenience. Amongst these are a C 
preprocessor (cpp), an Intel MPL compatible 
preprocessor (mpl) — both part of the 8051 
Cross-Assembler— to deal with the various 
preprocessor directives and macros. 
Pagination and pattern search commands ‘pr* 
and ’grep’ come with the PL/M-SI compiler 
package. 

In many cases, the format of the produced 
object code is not suitable for 
EPROM-programmers, emulators or 
debuggers. Therefore, several utilities are 
included (in the 8051 cross-assembler) to 
convert the code to Intel HEX (octjhei), 
Motorola SO-~S9 (oct__srec) or IEEE-^^5 
(octjeee) or vice-versa (ocfjhex, ocf-srec) 
or to archive object modules (aar). 


OPTIONAL SOFTWARE 

An optional utility package is available 
separately from BSO/Tasking Software B.V. It 
contains UNIX-like utilities to obtain a 
(cross-reference) list of all user-defined 
symbols In a program ('axref and ’anm’). Part 
of this package is the ’asize’ utility to get 
information about the section sizes, ’asort’ to 
sort or merge files, ’astrip’ to remove symbols 
and relocation information, ’adump’ to display 
the contents of an object file. 

Also available is an IEEE floating-point library 
for the 8051 family. 


HARDWARE/SOFTWARE 
REQUIREMENTS AND 
INSTALLATION 

OM4144 software comes to you on 5^^4" 
diskettes {3 ^' 2 diskettes are available on 
request) together with the extensive PUM-51 
Application Manual. 

The software requires an MS-DOS (Rel. 3.0 
or higher) computer with a hard disk and at 
least 512kbyte RAM installed. Software 
installation is simple, well-documented and 
can be verified afterwards using an automatic 
verification program. 
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RELATED PRODUCTS 

The OM4144 compilers are part of a 
complete programming and development 
package for the 8051 family of 
microcontrollers, a package which includes a 
cross-assembler and (optimizing) linker. 
Testing and debugging can be accelerated 
using the high-level/assembly-level XRAY-51 
debugger in combination with Philips’ SDS 
8051 emulator, or the 8051 Simulator 
(available from Tasking software B.V.). 

Contact your local Philips Semiconductors 
sales office for more information. 

Ask for the following leaflets: 

Symbolic debugging package XRAY51 for the 
SDS 6051 emulator, ordering code 
9398 366 10011; 

Cross-assembler package for 
60C51/8051 -based systems, ordering code 
9398 366 30011; 


Stand-alone debug station for 
80C51/8051 -based systems, ordering code 
9398 366 00011. 

More information about the Pl_/M-51 
Language can be found in the PUM-51 
User’s Guide, available from Intel (ordering 
code: 121966-003). 


SOFTWARE MAINTENANCE AND 
SUPPORT 

After a 90-day warranty period, in which all 
support will be given free of charge, a 
software update and support agreement can 
be taken out with Philips for a modest annual 
fee. Philips realizes your need for fast and 
comprehensive support, and with a support 
license, you get direct access to a 
development team that can solve your 
problems. 


ORDERING INFORMATION 


TYPE NUMBER 

DESCRIPTION 

OM4144 

PLyM-51 compiler package comprising the PLMTI1 compiler 

Related Products 

OM4142 

8051 cross-assembler package comprising the ASM51 assembler, and 
LINK51 linker 

OM4129 

XRAY51 high-level language debugger for the SDS 8051 


Orders can be placed via your local Philips Semiconductors sales representative. 


™ Intel is a trademark of Intel Corporation, 

MS-DOS and XENIX are trademarks of Microsoft Corporation. 

XRAY is a trademark of Microtec Research Inc. 

UNIX is a trademark of AT&T Bell Laboratories. 

VAX, mIcroVAX, VMS and Ultrix are trademarks of Digital Equipment Corp. 
HP9000 and HP-UX are trademarks of Hewlett Packard Co. 

SUN-3 and SunOS are trademarks of Sun Microsystems Inc. 

IBM PC is a trademark of International Business Machines Corp. 
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THREE CONFIGURATIONS TO 
SUIT YOUR 8051 PROJECTS 

For efficient, accurate software and hardware 
development and integration, there is no 
substitute for fully transparent, real-time 
emulation. But development must be 
cost-effective, and the key to that is to have 
one emulation unit which can fit exactly into 
a// your development projects irrespective of 
their scope and stage of development. 

If you are developing with the 8051 family, 
such a unit is the SDS 8051 .* Three 
configurations suit all your projects without 
requiring modifications or extras: 

Stand-Alone Operation 

A VDU Terminal is all that is needed to 
integrate and debug with the SDS 8051 . And 
because you can do basic emulation without 
putting demands on computer resources, the 
smallest user as well as the big development 
team can take advantage of the SDS 8051 . 


Connection to a Host Computer 

Most development tasks will, however, need 
the power of a host computer or 
Microcomputer Development System, and 
Philips’ SDS (Stand-alone Debugging 
Station) can work with both. The process of 
writing the software and designing the 
hardware can be done on the computer, with 
an SDS used to debug and integrate the 
software with the hardware. SDS 8051 
supports a wide range of hosts. It has its own 
in-line assembler in firmware, but you may 
also use the separate MS-DOS 
cross-assembler. 

Connection to a PC 

The SDS 8051 operates with an IBM PC or 
XT, or compatible, e g.. Philips P3100 series, 
so you can use it in your usual work 
environment. The SDS can be operated from 
a PC using readily available terminal 
emulation software, or the XRAY^^51 
symbolic debugging package, the latter 
allowing you to use your own source labels 
on screen in SDS displays and commands, 
and having a DOS toggle switch. 


If you work in a development team, shared 
access to files and programs is of course 
essential to maximize productivity. Programs 
can be downloaded from any host computer 
to the SDS memory, using a PC or terminal 
as a workstation to operate the SDS. 

FEATURES 

• Real-time, fully transparent emulation 

• Works stand-alone from a VDU terminal, 
PC or other computer 

• Full hardware emulation using a dedicated 
probe — operates according to the exact 
spedfications of the target microcontroller, 
including maximum speed 

• Interfacing signals to external equipment 

• Full assembly-level debugging and HLL 
debugging 

• Single-step and breakpoint facilities 

• Large trace memory with hardware 
qualifiers 




*SDS 8051 : Generic name for Philips Stand-alone Debugging Station for the 8051 family of microcontrollers; for type numbers, see Ordering 
Information. The 8051 family includes the 80C51/31. 87C51, 80CL51. 8XC053/054/45 1/528/550/552/562/592/652/654/75 1/752/851, the 
8XCL4 10/710 and the 8051/31/52/32. Debugging stations are also available for Philips 8400 microcontroller family and the 5010/5011 digital 
signal processors. 
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UNEQUALLED EMULATION 

SDS 8051 provides complete, high-quality 
emulation for development with the 8051 
family of microcontrollers. Standard features 
include: 

Fully Transparent Real-Time 
Emulation 

You can develop on the SDS 8051 with the 
chip running in real time — no stretched clock 
cycles or wait states to disrupt system timing 
in the prototype. And emulation is fully 
transparent — since no resources from the 
8051 memory, I/O or Interrupt space are used 
for monitoring emulation, all are available to 
the target and user program. 

In-Circuit Emulation or 
Simuiation 

The SDS 8051 is versatile — you can tailor 
operation to suit the state of the prototype. If 
no prototype hardware Is available, the SDS 
may be used for simulation, so the software 
can still be tested. The emulation mode runs 
the program in the prototype so far as it has 
been developed, with resources transferred in 
stages to the prototype. Hardware, software 
and their integration are fully tested. 

Full Real-Time Hardware 
Emulation and Breakpoint Setting 

The SDS 8051 has an 80C51 (or derivative) 
bond-out chip in the emulation probe. This, 
and only this, can ensure that hardware 
emulation is truly real-time, and it also allows 
you to set hardware breakpoints. These can 
be set on any combination of addresses, 
register values or branch instructions. 


allowing you to investigate program flow in 
detail and to debug very quickly. When a 
breakpoint condition is met, the entire CPU is 
frozen and, besides tiie full interrupt status, 
the status of all timers (frozen by a special 
bond-out chip feature) Is displayed. 

Alterable Memory and Processor 
Registers 

For really quick fault-finding, the SDS allows 
you to alter, and to display, memory and CPU 
register values as required, allowing parts of 
the program to be repeatedly tested using 
convenient values. 

In addition, the SDS has an emulator-resident 
in-line assembler which Is particularly useful 
when changing your program — there being 
no need for repeated up-loading and 
down-loading. 

Disassembly 

Of course, there is no need to remember 
binary code references when developing 
software with the SDS 8051 — instructions are 
entered in assembly language. In addition, 
on-board memory can be disassembled into 
the originally programmed instruction 
mnemonics. 

Trace Memory 

SDS 8051 has a 2048-line trace memory for 
quick checking of the program flow. The 
display shows the address, opcode/operand, 
disassembly, instruction status (such as RD 
OPC, WR) and the contents of 
microcontroller ports and/or eight user test 
clips. 


Hardware Qualifier Bits 

The trace memory has qualifier bits for 
selecting the information to be captured in the 
trace memory. These bits enable cycles to be 
selected, for example, capture only on 
fetches from emulation memory, or on 
interrupt acknowledge cycles. Selecting the 
information before capture overcomes the 
drawback of software qualifiers which select 
the information afterwards, relying on luck for 
it to be in the trace memory! 

Debugger Commands 

The microprocessor development command 
language employed by the SDS 8051 has 
been designed for ease of use. Commands 
form a subset of, and are similar to, the 
widely used ICE™ language. 

When the XRAY51 symbolic debugging 
package is used, the commands are the 
XRAY commands. These and the SDS 
commands are listed below (at the end of this 
description). 

Software Packages 

The XRAY51 high-level debugger, and 
cross-assemblers and cross-compilers for the 
SDS 8051 are described on the next page. 
Each package supports most 8051 -derived 
microcontrollers including the 80C51 , 

83C053, 83C054, 80C451 , 80C528, 80C550, 
80C552, 80C562, 80C592. 80C652. 80C654, 
83C751 . 83C752, 80C851 . 80C852. and 
8XCL410/710. 


TYPICAL EMULATION PROBE 
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SYMBOLIC DEBUGGING 
PACKAGE (XRAY51) 

The XRAY51 debugger helps to locate 
programming errors in the source code of 
C,PL/M or assembly language programs for 
the 8051 family. With XRAY51, the user can 
isolate these errors by controlling and 
monitoring program execution using the same 
high-level or assembly level terms, definitions 
and structures found in the original source 
program. For example, the user can 
single-step through the program a specified 
number of microcontroller instructions or 
high-level language lines. Variables can be 
accessed with respect to the source 
language in which they had been defined. 
Operating XRAY51 in Assembly mode, the 
user can manipulate the contents of all 
processor registers. Only those registers that 
are part of the selected 8051 derivative are 
allowed to be accessed. 

Macros may be defined that can execute 
complex user command procedures and 
provide a variety of complex breakpoints. 

When debugging with XRAY51, the user can 
examine the contents and modify the value of 


any variable, compute the value of C,PL/M 
source language expressions and assembly 
level address expressions, and define, 
remove, or display symbols. 

Command files can be used to direct 
XRAY51 to read or write simulated 
microprocessor input/output from or to a file, 
allowing easy implementation of automated 
test sequences. Command files enable 
scripts of debugger commands to be 
processed automatically without tfie need of 
user interaction. 

XRAY51 also allows a virtually unlimited 
number of user-defined windows. 

A simulator version of XRAY51 having the 
same features as the emulator is available. 

Features 

• Integrated C,PLyM-51 source-language and 
assembly-language debugging; toggle by 
function key at any time 

• Window-oriented display with well- 
organized segregation of debugging 
information 


• Symbolic debugging with C,PLyM-51 
variables and C,PLM-51 statements 

• Simple and complex breakpoints 

• Single-step execution 

• User-definable screens and 
viewports— ability to write selected 
Information 

• Command macros 

• Breakpoint macros (limited to the number 
of breakpoints of the SDS 8051 ) 

• Command and breakpoint macros may 
contain C statements, including; FOR, 
WHILE DO. PRINTF, and FPRINTF 

• On-line context-sensitive help 

• Command files 

• Output logging 

• Fully supports SDS 8051 with the latest 
firmware version 

• High-level trace 

• Transparent ICE mode for direct control of 
SDS 8051 


HIGH-LEVEL XRAY51 SCREEN 
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CROSS-ASSEMBLER 

The ASM51 cross-assembler* is available for 
translating 8051 assembly language 
programs into relocatable object code; 

It accepts Intel-compatible assembler 
source programs and produces relocatable 

'-.OBJ' object files. An absolute or 
executable ‘A.OUT* load-image is obtained 
using the LINK51 linker 

The assembler is a powerful development 
tool with many directives, so a source file is 
easily composed, and translation to code is 
fast. 

The assembler directives support features 
such as the inclusion of ASCII strings, 
checking module length, forcing a start 
address, allocating bytes to labels used in 
current or other modules and module 
definition. 

A very powerful feature is the 
macroprocessor which includes tools such as 
macro-substitution, file inclusion and 
conditional assembly. 

ASM51 Features 

• Produce relocatable object code, listing 
files and diagnostic messages 

• Accept Intel-compatible source programs 

• Compatible with Tasking ’s PL/M-51 
compilers 

• Conversion to IEEE object code format 

• Compatible with XRAY51 
High-Level/Assembly-Level Debugger 

• Include many utilities such as. Librarian, 
Cross-reference generator, object 
code-convertors 

• Support segment overlay at the Assembly 
level 

• C and MPL (Macro Programming 
Language) compatible macro 
preprocessors included 

• Separate linking phase 


CROSS-COMPILERS 

Two cross-compilers* are available for 
efficiently translating programs written in the 
PL/M-51 language into 8051 Assembly; 

• PLM51 : generates Intel-compatible source, 
which can be assembled and linked using 
the ASM51 and LINK51 programs. 

• C-51 : generates Intel-compatible 
assembly source, which can be assembled 
and linked using ASM51 and LINK51. 

Both compilers are always supplied together, 
allowing you to choose the one that suits your 
requirements best. 

PLM51 Features 

• Fast, single-pass, memory-based 
compilers that are fully compatible with the 
Intel PL/M-51 language definition 

• Fully compatible with ASM51/LINK51 

• Produce highly optimized code 

• Support the XRAY51 high-level debugger 

• Support in-line assembly code 

• Optional IEEE single-precision floating 
point package 

• Include several utility programs; pr, grep, 
aar, cpp, scf_i51, ocf_o51, octjhex, 
octjeee, oct_srec, ocMhex, ocf srec, 
makelib and pack 

• Utility library included in source code 

• Combiner performs optimization at load-file 
level 

• Easy tailoring to application and target 
hardware 

• Produce relocatable code and data 

• Support optimize(4); intermodule overlay 
optimization 

• Support 15 interrupts 

• Automatic installation with self-test 

• Available for many hosts besides the IBM 
PC (MS-DOS), for example; (micro-) VAX, 
(VMS. Ultrix), HP9000/300 (HP-UX), 

SUN-3 (Sun-OS); available from 
BSO/Tasking Software B.V. 


C-51 Features 

• Supports ANSI C with powerful 8051 
extensions; 

- bit-type to use the on-chip bit 
addressable area 

- interrupt <number> and using 
<registerbank> tor interrupt servicing at 
C-level 

• Generates Intel-compatible Assembly 
source 

• Supports HLL-debuggerXFiAY51 (in 
combination with ASM51 ) 

• Supports all members of the 8051 family 

• Produces very efficient and reliable code 

• Code is ROMable 

• Easy migration from BSO/Tasking PL/M-51 
to BSO/Tasking C-51 through mixed 
language programming 

• Supports 4 memory models to best meet 
application requirements 

• Separate compilation of program modules 

• Embodies integral standard preprocessor 

• Is one-pass, fast and compact (no 
intermediate code or files) 

• 3-layer design simplifies maintenance 

• Complete set of UNIX-like compiler options 

• Comes with C library and run-time support, 
including I/O calls (+ printf), memory 
management, floating point math, and 
arithmetic functions 

• Available on many hosts: (micro)VAX (VMS 
or Ultrix), IBM PC (DOS, Xenix), IBM 6150, 
SUN-3/-4/-386i (SUN OS), HP9000-300 
(HP-UX), Apollo (UNIX) 

• Generates re-entrant + relocatable code 
and relocatable data 

• Same calling sequence on all hosts 

• Same source and generated assembly 
code can be used on all hosts 

• Automatic installation and self test 

• Benchmarks and application notes are 
available on request. 


* Sourced from BSO/Tasking Software B.V. Amersfoort, The Netherlands 
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XRAY51 AND SDS COMMANDS 
XRAY51 Commands 

XRAY51 uses a powerful command language 
that employs C language expressions. Note, 
all commands can be issued in an 
abbreviated form. 

Session Control Commands 
HOST Enter the host operating 

system environment 

LOAD Load an object module for 

debugging 

QUIT Terminate a debugging 

session 

Execution and Breakpoint Commands 
BREAK 

INSTRUCTION Set an instruction 
breakpoint 

CLEAR Clear a breakpoint 

GO Start or continue program 

execution 

GOSTEP Execute macro after each 

instruction step 

STEP Execute a specified 

number of instruction lines 
STEPOVER Step, but execute through 

procedures 

Display Commands 
DISASSEMBLE Display disassembled 

memory (assembly mode) 
DUMP Display memory contents 

EXPAND Display all local variables of 

a procedure 

FIND Search for a string 

FOPEN Open a file or device for 

writing 

FPRINTF Print formatted output to a 

viewport or file 

LIST Display source code 

MONITOR Monitor variables 

N EXT Find next occurrence of a 

string 

NOMONITOR Discontinue monitoring 

variables 

PRINTF Print formatted output to a 

command viewport 

PRINTVALUE Print the value of a variable 

Memory Commands 

COMPARE Compare two blocks of 

memory 

COPY Copy a memory block 

FILL Fill a memory block with 

values 

SEARCH Search a memory block for 

a value 

SETMEM Change the values of 

memory locations 

SETREG Change the contents of a 

register 

TEST Examine memory area for 

invalid values 

Port I/O and Interrupt Commands 

DIN Display input port buffer 

values 

DOUT Display output port buffer 

values 


INPORT 

Set or alter input port status 

INTERRUPT 

Simulate an interrupt 

NOINTERRUPT 

Cancel pending interrupts 

OUTPORT 

Set or alter output port 
status 

RIN 

Rewind input file 
associated with input port 

ROUT 

Rewind output file 
associated with output port 

Symbol Commands 

ADD 

Create a symbol 

DELETE 

Delete a symbol from the 
symbol table 

PRINTSYMBOLS Display symbol, type, and 
address 

SCOPE 

Spedfy current module and 
procedure scope 

Utility Commands 

CEXPRESSION 

Calculate the value of an 
expression 

ERROR 

Set include-file error 
handling 

HELP 

Display on-line help screen 

INCLUDE 

Read in and process a 
command file 

JOURNAL 

Record a debugger session 
in a file 

LOG 

Record debugger 
commands and errors in a 
file 

MODE 

Select debugger mode 
(high or assembly) 

OPTION 

Set debugger options for 
this session 

PAUSE 

Pause simulation 

RESET 

Simulate microprocessor 
reset 

RESTART 

Restart program counter to 
the program starting 
address 

STARTUP 

Save the default startup 
options 

Macro Commands 

DEFINE 

Create a macro 

SHOW 

Display the macro source 

Viewport Commands 

VACTIVE 

Activate a viewport 

VC LEAR 

Clear data from a viewport 

VCLOSE 

Remove a user-defined 
viewport or screen 

VMACRO 

Attach a macro to a 
viewport 

VOPEN 

Create a screen or viewport 
or change sizes 

VSCREEN 

Activate a screen 

VSETC 

Set the cursor position for a 
viewport 

ZOOM 

Increase or decrease the 
size of a viewport 

Function Key Commands 

VACTIVE-1 

Activate the next viewport 
(counter clockwise) 

VACTIVE+1 

Activate the next viewport 
(clockwise) 

MODE 

Change debugging mode 
(assembly/high) 


ZOOM Increase or decrease the 

size of a viewport 

HELP Access on-line help 

VSCREEN Change the active screen 

BACK UP Back up one command 

STEP Execute one machine 

instruction or source line 
STEP OVER Step, but execute through 

procedures 

In-Circuit Emulator Commands 

ICE Communicate with in-circuit 

emulator (ICE) 

NOICE Return to debugger 

command mode 

SDS Commands 

Power-Up Commands 

RESET Back to initialization 

Program Execution Commands 

BRn Break at given address 

(n = 0, 1 , 2, 3) 

BRR Break within given address 

range 

BRB Break at branch instruction 

BV Break on internal RAM 

value 

GO Initiates program execution 

(FROM, TILL) (specified addresses) 

STEP (FROM) Executes single instruction 
or instructions (from a 
specified address) 

UD User-defined memory 

address on display 
TRACE Display executed 

instruction flow (real time) 
INT Display interrupt enable, 

priority and status of all 
interrupt sources 

Memory Access Commands 

DBYTE Displays specified byte 

from internal data memory 
XBYTE Displays specified byte 

from external data memory 
CBYTE Displays specified byte 

from code memory 

RBYTE Displays specified byte 

from on-chip register 
memory 

RBIT Displays specified bit from 

on-chip bit-addressable 
memory 

ASM Assemble single instruction 

mnemonic into program 
memory 

DASM Disassemble memory 

values into mnemonics 

Memory Set Commands 

All registers can be set and displayed by 
commands equal to their names (PSW, 

SCON, P3, TH1, TL1, TLO, etc.) 

Serial I/O Interface Commands 

SAVE Copies data from SDS 

8051 program memory to 
host disk file 

LOAD Transfers file from host to 

SDS 8051 
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NOTES: 

1 . A minimum SDS configuration must include an OM4120S and an emulation probe. A minimum PC configuration must include 256 kbytes 
system memory running MS-DOS 3.0 (or later releases), one floppy disk drive and a monochrome monitor. However, we recommend using 
an IBM PC/XT (or compatible) with 640 kbytes RAM, hard disk drive, floppy disk drive and a color monitor. The SDS software can be 
supplied on 3 V 2 ” or 5 V 4 " diskettes. Conversion kits require the OM1092. 

2. Support for QFPs will be available in the near future. 

3. Minor restrictions. 

4. All probes 16MHz, except OM4123 (12MHz) and OM4119 (6MHz) 

™ ICE is a trademark of Intel Corporation. 

XRAY is a trademark of Microtec Research Inc. 

MS-DOS is a trademark of Microsoft Corporation. 

VAX is a trademark of Digital Equipment Corporation. 
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CONTENTS 

0586B 24-Pin (300 mils wide) Ceramic Dual In-Line 

with Quartz Window (F) Package 11 87 

041 OD 24-Pin (300 mils wide) Plastic Dual In-Line (N) Package 11 88 

0589B 28-Pin (600 mils wide) Ceramic Dual In-Line 

with Quartz Window (F) Package 1189 

041 3B 28-pin (600 mils wide) Plastic Dual In-line (N) Package 1 1 90 

SOT117 28-Pln Plastic Dual In-Line (N/P) Package 1191 

0401 F 28-Pin Plastic Leaded Chip Carrier (A) Package 1 1 92 

SOT136A 28-Pin Plastic SO (Small Outline) Dual In-Line (D/T) Package 1193 

0590B 40-Pin (600 mils wide) Ceramic Dual In-line (F) Package, 

with Window (FA) Package 1 1 94 

041 5C 40-Pin (600 mils wide) Plastic Dual In-Line (N) Package 1195 

soil 29 40-Pin Plastic Dual In-Line (P/N) Package 1196 

SOT158A 40-Pin Plastic VSO (Very Small Outline) Dual In-Line (D/T) Package 11 97 

1680 42-Pln Shrink Dip (NB) Package 1198 

0403G 44-Pin Plastic Leaded Chip Carrier (A) Package 1 1 99 

soil 87 44-Pin Plastic Leaded Chip Carrier; Pocket Version Package 1200 

1 268C 44-pin Square Ceramic Leaded Chip Carrier. J-Bend, 

with Quartz Window (L/LA) Package 1201 

1472A 44-Lead CerOuad J-Bend (K) Package 1202 

1118D 44-Pin Plastic Quad Flat Pack (B) (MEC) Package 1203 

SOT205 44-Pin Plastic Quad Flat Pack Package 1 204 

SOT311 44-Pin Square Plastic Quad Flat Pack (B) Package 1205 

SOT190 56-Pin Plastic VOS (Very Small Outline) Dual In-line (D/T) Package 1206 

0414B 64-Pin (900 mils wide) Plastic Dual In-Line (N) Package 1207 

SOT319 64-Pin Plastic Quad Flat Pack Package 1 208 

NO330 68-Pin Ceramic Leaded Chip Carrier, with Window Package 1 209 

0398E 68-Pin Plastic Leaded Chip Carrier (A) Package 1210 

SOT188 68-Pin Plastic Leaded Chip Carrier (PLCC), Pocket Version Package 1211 

1240C 68-Pin Lead Chip Carrier, J-Bend Package 1212 

1473A 68-Lead CerQuad J-Bend (K) Package 1213 

SOT219 80-Pin Plastic Quad Flat Pack (B) Package 1214 

SOT3 1 8 80-Pin Plastic Quad Flat Pack (B) Package 1215 
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0.265 ( 6 . 73 ) 
0.255 ( 6 . 48 ) 


NOTES: 

1 . Controlling dimension: Inches. Metric are shown in parentheses. 

2. Package dimensions conform to JEDEC Specification MS-001 -AF 
for standard Dual In-Line (DIP) package 0.300 inch row spacing 
(plastic) 24 leads (Issue B, 7/85). 

3. Dimension and tolerancing per ANSI Y14, 5M - 1982. 

“T". “D", and “E" are reference datums on the molded body and 
do not include mold flash or protrusions. Mold flash or protrusions 
shall not exceed 0.010 inch (0.25mm) on any side. 

5. These dimensions measured with the leads constrained to be 
perpendicular to plane T 

6. Pin numbers start with Pin #1 and continue counterclockwise to 
Pin #24 when viewed from the top. 


0.185 ( 4 . 70 )® 
0 . 160 ( 4 . 06 ) 


0 . 138 ( 3 . 51 ) 

0 . 120 ( 3 . 05 ) 



"D 

CD 

o 

TT 

CD 

CQ 

CD 

O 

c 

5 ‘ 

CD 

C/) 
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o 

4^ 

CO 

03 


NOTES: 

1. Controlling dimension; Inches. Metric are shown in parentheses. 

2. Package dimensions conform to JEDEC Specification MS-01 1-AB 
for standard Dual In-Line (DIP) package 0.600 inch row spacing 
(plastic) 28 leads (Issue B, 7/84). 

3. Dimension and tolerancing perANSI Y14, 5M - 1982. 

4. "T", “D”. and "E” are reference datums on the molded body and 
do not include mold flash or protrusions. Mold flash or protrusions 
shall not exceed 0.010 inch (0.25mm) on any side. 

5. These dimensions measured with the leads constrained to be 
perpendicular to plane T. 

6. Pin numbers start with Pin #1 and continue counterclockwise to 
Pin #28 when viewed from the top. 



13 

03 

O 

TT 


03 

CQ 

CD 

O 

c 


ZJ 

CD 

cn 


0 . 015 ( 0 . 38 ) 

0 . 010 ( 0 . 25 )' 


0 . 695 ( 17 . 65 ) 
0.600 ( 15 . 24 ) 
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SOT136A 28-PiN PLASTIC SO (SMALL OUTLINE) DUAL IN-LINE (D/T) PACKAGE 



93 








n non to 



0.598(15.19 ) 
0.571 (14.50) 


2.087 (53.01) 
2.038 (51.77)" 


0.070(1.78) 

0,050(1.27) 



NOTES: 

1 . Controlling dimension: Inches. Millimeters are 
shown in parentheses. 

2. Dimension and tolerancing per ANSI Y14. 5M-1982. 

3. “T", "D", and "E" are reference datums on the body 
and include allowance for glass overrun and meniscus 
on the seal line, and lid to Base mismatch. 

4. These dimensions measured with the leads 
constrained to be perpendicular to plane T. 

5. Pin numbers start with Pin #1 and continue 
counterclockwise to Pin #40 when viewed 
from the top. 

6. Denotes window location for EPROM products. 


0.620(15.75 ) 
0.590(14.99)" 
(NOTE 4) 


0.225 (5.72) MAX. 


0.165(4.19) 

0.125(3.18) 


{ T I E jP S 1 0.010 (0.254) M I 


0.175(4.45) 

0.145(3.68) 


0.055(1.40) 
0.020 (0.51) * 


0.015(0.36) _ 
0.010(0.25) ' 


BSC 

0.600(15.24) - 
(NOTE 4) 

0.695(17.65 ) 

0.600(15.24)" 
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SOT1 29 40-PIN PLASTIC DUAL IN-LINE {PIN) PACKAGE 







(1) Centre-lines of all leads are within 
±0.127 mm of the nominal 
position shown; in the worst 
case, the spacing between any 
two leads may deviate from 
nominal by ±0.254 mm. 


(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 

(3) Index may be horizontal as 
shown, or vertical 


(4) Dimensions in mm. 


SOT 129 


7Z70 128.5 






Philips Semiconductrs 80C51 -Based 8-Bit Microcontrollers 


Package outlines 


SOT158A 40-PIN PLASTIC VSO (VERY SMALL OUTLINE) DUAL IN-LINE (D/T) PACKAGE 


- 15,5 max - 




2,45 2,7 
max max 


^ 2,65 
max 

1,15 I 
yo max 


1,5 


I *-4 

4 2-0 I 

max I 

in 



^ top view 


Positional accuracy. 

@ Maximum Material Condition. 


Dimensions in mm 
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NOTES 

1 . Controlling dimension: indies. Metric dimensions are shown in 
parentheses. 

2. Package dimensions conform to Philips envelope SOT-270. 

Molded body length and width do not include mold flash or 
protrusions. Mold flash or protrusions shall not exceed 
y. 0.010 Inch (0.25mm) per side. 

/iX These dimensions measured with the leads constrained to be 
perpendicular to seating plane. 


Z 

00 


5. Pin numbers start with Pin #1 and continues counterclockwise 
to Pin #42 when viewed from the top. 


"D 


CD 

CQ 

CD 

O 

c 


13 

CD 

(/) 


A 



Philips Semiconductrs 80C51 -Based 8-Bit Microcontrollers 





1199 



NOTES 

1 . Package dimensions conform to JEDEC Specification MO-047-AC 
for Plastic Leaded Chip Carrier 44 leads, 0.050 inch (1.27mm) lead 
spacing, square. (Issue A, 10/31/84). 

2. Controlling dimensions: inches. Metric dimensions in mm are shown 
in parentheses. 

3. Dimensioning and tolerancing per ANSI Y1 4.5M-1 982. 

^ Datum plane "-H-” located at the top of mold parting line and coincident 
with top of lead, where lead exits plastic body. 

^ Location to datum “-A-" and to be determined at plane “-H-". These 
datums do not include mold flash. Mold flash protrusion shall not 
exceed 0.010" (0.25mm) on any side. 

^ Datum "D-E" and "F-G” are determined where these center leads 
exit from the body at plane 

7. Pin numbers continue counterclockwise to Pin 44 (top view). 

8. Signetics order code for product packaged in a PLCC is the suffix 
"A" after the product number. 

Applicable to packages with pedestal only. 




“D 

O 

TT 




CQ 


CD 


O 

c 


ID 

CD 

CO 
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SOT187 44-PIN PLASTIC LEADED CHIP CARRIER; POCKET VERSION PACKAGE 
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8.13 ( 0 . 320 ) 
7.37 ( 0 . 290 ) 


6 . 13 ( 0 . 320 ) 
7.37 ( 0 . 290 ) 


DETAIL A 
TYP. ALL SIDES 
mm/(inch) 


NOTES: 

1 . All dimensions and tolerances to conform 
toANSIY14.5-1982. 

UV window is optional. 

Dimensions do not include glass protrusion. 
Glass protrusion to be 0.005 inches maximum 
on each side. 

4. Controlling dimension millimeters. 

5. All dimensions and tolerances include 
lead trim offset and lead plating finish. 

Backside solder relief is optional and 
dimensions are for reference only. 


"D 

0 ) 

O 

X" 

P 

CQ 

CD 

O 

c 

5 ' 

0 

to 



DETAIL B 
mm/(inch) 
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PIN 1 MARK 
(NOTE 3) 


0.80 X 10 - 8.00 ±0.05 
'(0.0315X10 -0,315 ± 0.002) 
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SOT311 44-PIN SQUARE PLASTIC QUAD FLAT PACK (B) PACKAGE 







soil 90 56-PIN PLASTIC VOS (VERY SMALL OUTLINE) DUAL IN-LINE (P/T) PACKAGE 



Dimensions in mm 


SOT187AA, AGA 


7Z25134.1 
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85a-0398E 04143 



NOTES 

1 . Package dimensions conform to JEDEC Specification MO-047-AE 
for Plastic Leaded Chip Carrier 68 leads, 0.050 inch lead spacing, 
square. (Issue A, 10/31/84). 

2. Controlling dimensions: inches. Metric dimensions in mm are shown 
in parentheses. 

3. Dimensioning and tolerandng per ANSI Y14.5M-1982. 

Datum plane "-H-" located at the top of mold parting line and coincident 
with top of lead, where lead exits plastic body. 

^ Location to datum “-A-" and "-B-" to be determined at plane These 
datums do not include mold flash. Mold flash protrusion shall not 
exceed 0.010" (0.25mm) on any side. 

Datum "D-E" and “F-G" are determined where these center leads 
exit from the body at plane 

7. Pin numbers continue counterclockwise to Pin 68 (top view). 

8. Signetics order code for product packaged in a PLCC is the suffix 
“A" after the product number. 

A. Applicable to packages with pedestal only. 
yftk Location of Pin #1 mark is optional. Mark on chamfered side Is 
preferred. 





3 

CD 

C/) 
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1.010(15.65) SQ . 
.980 (24.90) 


.965 (25.51) SQ. 
.935 (23.75) 



.035 (.89) ^ 

(3 CORNERS) 



.810 (20.5 7) 
.790 (20.07 


,025 (0.64) MIN. 
(4 PLACES) 



NOTES: 

1 . Controlling Dimensions: Inches 
Millimeters are shown in parenthesis. 

2. Dimension and tolerandng per ANSI 
Y14.5M-1982 

^ When a window lid is used, the overall 
package thickness must increase by 
a minimum of .010 inch (0.25mm) 
and a maximum of .040 Inch (1 .020mm). 


.950(24.13) 

9.10(23.11) 
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853'1473A 05854 


25,27 (0.995 ) 

T 25.02(0.985) 24.5,(0.965 ) 

FT oo CO /n 


1 .02 (0.040) X 45“ (0.930)^ 


3.05 (0.120 ) 
2.29 (0.090) 



25.27 (0.995 ) 
25.02 (0.985) 

24.51 (0.965 ) 

23.62 (0.930) 

I A 



0.38(0.015) 

= A 

0.51 (0.02) X 45“ 

A 


NOTES: 

1 . All dimensions and tolerances to conform 
to ANSI Y14.&-1982. 

A UV window is optional. 

A, Dimensions do not include glass protrusion. 
Glass protrusion to be O.OOS inches maximum 
on each side. 

4. Controlling dimension millimeters. 

5. All dimensions and tolerances include 
lead trim offset and lead plating finish. 

A Backside solder relief is optional and 
dimensions are for reference only. 


3 x 0.63 (0.025) R MIN, 


4.63 (0.190 ) 
3.94 (0.155) ‘ 


4.83 (0.190 ) 
3.94 (0.155) 


25.27 (0.995 ) 
25.02 (0.985) ‘ 


I SEE DETAIL A ^ 
- 20.32 (0.800) NOMINAL ^ 


11.94 (0.470) 
11.18(0.440) 


11.94 (0.470 ) 
11.18(0,440} 


1.27 (0.050) TYP. 


1.02 * 0.25 (0.040 * 0.010) 



0.73 * 0.08 (0.029 * 0.003) 


- 0.482 (0.019 * 0.002) 


DETAIL A 
TYP. ALL SIDES 
mm/(tnch) 


0.25 (0.010) R MIN, 
0.15 (0.006) MIN.- 


0.25 (0.010 ) 
0.15(0.006) 



0.076 (0.003) MIN. 


0.508 (0.020) R MIN. 


DETAILS 

mm/(lnch) 
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Data handbook system 


Appendix A 


INTRODUCTION 

Our data handbook system comprises more than 65 books 
with subjects including electronic components, 
subassemblies and magnetic products. The handbooks are 
classified into seven series: 

INTEGRATED CIRCUITS; 

DISCRETE SEMICONDUCTORS; 

DISPLAY COMPONENTS; 

PASSIVE COMPONENTS; 

PROFESSIONAL COMPONENTS; 

MAGNETIC PRODUCTS; 

LIQUID CRYSTAL DISPLAYS. 

Data handbooks contain all pertinent data available at the 
time of publication and each is revised and reissued 
regularly. 

Loose data sheets are sent to subscribers to keep them 
up-to-date on additions or alterations made during the 
lifetime of a data handbook. 

Catalogs are available for selected product ranges (some 
catalogs are also on floppy discs). 


INTEGRATED CIRCUITS (continued) 

IC1 0 Memories 

MOS, TTL, ECL 

IC11 Linear Products 

IC1 2 FC-bus-compatible ICs 

IC13 Programmable Logic Devices 

IC1 4 8048-Based 8-Bit Microcontrollers 

IC1 5 FAST TTL Logic Series 

IC1 5 supplement: Additional FAST Data 

IC1 6 CMOS Integrated Circuits for Clocks and Watches 

IC1 7 ICs for Telecom 

ISDN 

IC1 8 Microprocessors and Peripherals 

IC1 9 Data Communication Products 

IC20 80C51 -Based 8-Bit Microcontrollers 

IC23 Advanced BiCMOS Interface Logic 


For more information about data handbooks, catalogs and 
subscriptions, contact one of the organizations listed on the 
back cover of this handbook. Product specialists are at your 
service and inquiries are answered promptly. 

INTEGRATED CIRCUITS 

IC01 Radio, Audio and Associated Systems 
Bipolar, MOS 

IC02a/b Video and Associated Systems 

Bipolar, MOS 

IC03 ICs for Telecom 

Subscriber Sets, Cordless, Mobile and Cellular 
Telephones, Radio Pagers 

IC04 HE4000B Logic Family 

CMOS 

IC05 Advanced Low-power Schottky (ALS) Logic 
Series 

IC06 High-speed CMOS; 74HC/HCT/HCU Logic Family 

IC07 Advanced CMOS Logic (ACL) 

IC08 1 0/1 00k ECL Logic/Memory/PLD 

IC09 TTL Logic Series 


DISCRETE SEMICONDUCTORS 

SC01 Diodes 

SC02 Power Diodes 

SC03 Thyristors and Triacs 

SC04 Small Signal Transistors 

SC05 Low-frequency Power Transistors and Hybrid 1C 
Power Modules 

SC06 High-voltage and Switching Power Transistors 

SC07 Small-signal Field-effect Transistors 

SCOSa RF Power Bipolar Transistors 

SC08b RF Power MOS Transistors 

SC09 RF Power Modules 

SC10 Surface Mounted Semiconductors 

SCI 2 Optocouplers 

SCI 3 Power MOS Transistors 

SCI 4 Wideband Transistors and Wideband Hybrid 1C 
Modules 

SCI 5 Microwave Transistors 

SCI 7 Semiconductor Sensors 
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80CE654/83CE654 




44 

X 

34 

B 



1 

'o 

N. 

QUAD 

FLAT 

PACK 

=x=3 33 


11 


y 

=n=i23 



Y 

12 

e 

22 


Pin 

Function 

Pin 

Function 

1 

P1.5 


23 

P2.5/A13 

2 

P1.6/SCL 

24 

P2.6/A14 

3 

P1.7/SDA 

25 

P2.7/A15 

4 

RST 


26 

P5ER 

5 

P3.0/RXD 

27 

ALE 

6 

VSS4 


28 

VSS2 

7 

P3.17TXD 

29 

EA 

8 

P3.2/ir!rnj 

30 

P0.7/AD7 

g 

P3.3/TfnT 

31 

P0.6/AD6 

10 

P3.4/T0 

32 

P0.5/AD5 

11 

P3.5Ar 

1 

33 

P0.4/AD4 

12 

P3.6/57R 

34 

P0.3/AD3 

13 

P3.7'Rn 

35 

P0.2/AD2 

14 

XTAL2 


36 

P0.1/AD1 

15 

XTAL1 


37 

PO.O/ADO 

16 

vssi 


38 

VcC2 

17 

Vcci 


39 

VSS3 

18 

P2.0/A8 

40 

P1.0 

19 

P2.1/A9 

41 

P1.1 

20 

P2.2/A10 

42 

PI. 2 

21 

P2.3/A1 1 

43 

P1.3 

22 

P2.4/A12 

44 

PI. 4 
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8032AH/8052AH, 80C32/80C52/87C52, 83C524/87C524*, 80C528/83C528/87C528* 


pi.on^2 LI 
P1.1/T2EX[T 
P1.2 |T 
Pl.3 |T 
Pl.4 [T 
P1.5 [T 

pi.6[y 

P1.7|T 
RST |T 
RxD/P3.o[lO 
TxD/P3.1 
INTD/P3.2 \n 
ITm/P3.3 
T0/P3.4 [u 
T1/P3.5 
WR/P3.6 [l6 
RD/P3.7 
XTAL2 
XTAL1 

vss[^ 


^ Vdd 

^ PO.O/ADO 
^ P0.1/AD1 
^ P0.2/AD2 
^ P0.3/AD3 
^ P0.4/AD4 
^ PO.S/AD5 
^ P0.6/AD6 
^ P0.7/AD7 

IN-LINE ill ^PP 
PACKAGE ^ aLE/PRDG 

^ PSEN 
^ P2.7/A15 
^ P2.6/A14 
^ P2.5/A13 
^ P2.4/A12 
^ P2.3/A11 
^ P2.2/A10 
^ P2.1/A9 
^ P2.0/A8 




Function 

Pin 

Function 

Pin 

Function 

Pin 

Function 

NC 

23 

NC 

1 

PI .5 

23 

P2.5/A13 

T2/P1.0 

24 

P2.0/A8 

2 

PI .6 

24 

P2.6/A14 

T2EX/P1.1 

25 

P2.1/A9 

3 

PI. 7 

25 

P2.7/A15 

P1.2 

26 

P2.2/A10 

4 

RST 

26 

PSER 

P1.3 

27 

P2.3/A11 

5 

RXD/P3.0 

27 

ALE/PROG 

P1.4 

28 

P2.4/A12 

6 

NC 

28 

NC 

P1.5 

29 

P2.5/A13 

7 

TxD/P3.1 

29 

EA/Vpp 

PI. 6 

30 

P2.6/A14 

8 

TRT0/P3.2 

30 

P0.7/AD7 

P1.7 

31 

P2.7/A15 

9 

WTT/P3.3 

31 

P0.6/AD6 

RST 

32 

P5ER 

10 

T0/P3.4 

32 

P0.5/AD5 

RxCyP3.0 

33 

ALE/PROC 

11 

T1/P3.5 

33 

P0.4/AD4 

NC 

34 

NC 

12 

WR/P3.6 

34 

P0.3/AD3 

TxD/P3.1 

35 

EA/Vpp 

13 

RD/P3.7 

35 

P0.2/AD2 

WTOP3.2 

36 

P0.7/AD7 

14 

XTAL2 

36 

PO. 1/ADI 

TITrr/P3.3 

37 

P0.6/AD6 

15 

XTAL1 

37 

PO.O/ADO 

T0/P3.4 

38 

P0.5/AD5 

16 

Vss 

38 

Vcc 

T1/P3.5 

39 

P0.4/AD4 

17 

NC 

39 

NC 

WR/P3.6 

40 

P0.3/AD3 

18 

P2.0/A8 

40 

T2/P1.0 

I7D/P3.7 

41 

P0.2/AD2 

19 

P2.1/A9 

41 

T2EXP/P1.1 

XTAL2 

42 

P0.1/AD1 

20 

P2.2/A10 

42 

PI. 2 

XTAL1 

43 

PO.O/ADO 

21 

P2.3/A11 

43 

P1.3 

vss 

44 

Vcc 

22 

P2.4/A12 

44 

PI. 4 


PI. 6 and PI .7 have the alternate functions SCL and SDA, respectively, on the 83C524/87C524 and 80C528/83C528/87C528. 


80CL410/83CL410* 



83C053/83C054/87C054 


Vpp/TDAC/P0.0 

PROG/PWM1/P0.1 

ASEL/PWM2/P0.2 

PWM3/P0.3 

PWM4rP0.4 

PWM5/P0.5 

PWM6/P0.6 

PWM7/P0.7 

ADI0/P1.0 

ADI1/P1.1 

ADI2/P1.2 

PWM0/P1.3 



P 1 .6 and P 1 .7 have the alternate 
functions SCL and SDA, respectively, on 
the 80CL410/83CL410. 












80C451 /83C451 /87C451 


Appendix B 

80C550/83C550/87C550 



AVcc/Vref+LL 

AVssA^rcf-|T 

pi.o/adco[T 

P1.1/ADC1 [T 
P1.2/ADC2|T 
P1.3/ADC3[T 
Pl.4/ADC4|y 
P1.5/ADC5|T 
RST [? 
RxD/P3.0 
TXD/P3.1 [iT 
nirny/P3.2 
mTr/P3.3 [n 
T0/P3.4 [m 
T1/P3.5 [15 
WR/P3.6 [16 
RU/P3.7 
XTAL2 


vcc 

^ PO.O/ADO 
^ P0.1/AD1 
^ P0.2/AD2 
^ P0.3/AD3 
^ P0.4/AD4 
^ P0.S/AD5 
3^ P0.6/AD6 

DUAL ^ P0.7/AD7 
IN-LINE 

PACKAGE ?!j HA/Vpp 

^ ALE/PROG 
^ P5ER 
^ P2.7/A15 
2^ P2.B/A14 
^ P2.5/A13 
^ P2.4/A12 
^ P2.3/A11 
^ P2.2/A10 
^ P2.1/A9 
^ P2.0/A8 


Pin 

Function 

Pin 

Function 

Pin 

Function 

1 

AVcc 

16 

P3.2/IRT0 

31 

P2.6/A14 

2 

Vref+ 

17 

P3.3/INT1 

32 

P2.7/A15 

3 

Vref- 

18 

P3.4/T0 

33 

P5ER 

4 

AVss 

19 

P3.5/T1 

34 

ALE/PROG 

5 

P1.0/ADCO 

20 

P3.6/WR 

35 

ewpp 

6 

P1.1/ADC1 

21 

P3.7/RD 

36 

P0.7/AD7 

7 

P1.2/ADC2 

22 

XTAL2 

37 

P0.6/AD6 

8 

P1.3/ADC3 

23 

XTAL1 

38 

P0.5/AD5 

9 

P1.4/ADC4 

24 

Vss 

39 

P0.4/AD4 

10 

P1.5/ADC5 

25 

P2.0/A8 

40 

P0.3/AD3 

11 

P1.6/ADC6 

26 

P2.1/A9 

41 

P0.2/AD2 

12 

P1.7/ADC7 

27 

P2.2/A10 

42 

P0.1/AD1 

13 

RST 

28 

P2.3/A11 

43 

PO.O/ADO 

14 

P3.0/RxD 

29 

P2.4/A12 

44 

Vcc 

15 

P3.1/TXD 

30 

P2.5/A13 
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80C592/83C592/87C592 



Pin Function 

1 P5.0/ADC0 

2 Vqd 

3 STADC 

4 PWMO 

5 PWM1 

6 EW 

7 P4.0/CMSR0 

8 P4.1/CMSR1 

9 P4.2/CMSR2 

10 P4.3/CMSR3 

11 P4.4/CMSR4 

12 P4.5/CMSR5 

13 P4.6/CMT0 

14 P4.7/CMT1 

15 RST 

16 P1.0/CT0I 

17 P1.1/CT1I 

18 P1.2/CT2I 

19 P1.3/CT3I 

20 P1.4/T2 

21 P1.5/RT2 

22 P1.6/SCL 

23 P1.7/SDA 

24 P3.0/RxD 

25 P3.1/TxD 

26 P3.2/IRTCf 

27 P3.3/WTT 

28 P3.4/T0 

29 P3.5/T1 

30 P3.6/WR 

31 P3.7/TTO 

32 NC 

33 NC 

34 XTAL2 


Function 

XTAL1 

Vss 

Vss 

NC 

P2.0/A08 

P2.1/A09 

P2.2/A10 

P2.3/A11 

P2.4/A12 

P2.5/A13 

P2.6/A14 

P2.7/A15 

P'SEN 

ALE/PRDG 

EAA^pp 

P0.7/AD7 

P0.6/AD6 

P0.5/AD5 

P0.4/AD4 

P0.3/AD3 

P0.2/AD2 

PO. 1/ADI 

PO.O/ADO 

AVref- 

AVref+ 

AVss 

AVqd 

P5.7/ADC7 

P5.6/ADC6 

P5.5/ADC5 

P5.4/ADC4 

P5.3/ADC3 

P5.2/ADC2 

P5.1/ADC1 



Pin Function 

1 P4.1/CMSR1 

2 P4.2^CMSR2 

3 NC 

4 P4.»CMSR3 

5 P4.4/CMSR4 

6 P4.5/CMSR5 

7 P4.6/CMT0 

8 P4.7/CMT1 

9 RST 

10 Pl.aCTOI 

11 P1.1/CT1I 

12 P1.2/CT2I 

13 P1.3/CT3I 

14 P1.4/T2 

15 P1.5/RT2 

16 P1.6/SCL 

17 P1.7/SDA 

18 P3.0/RxD 

19 P3.1/rxD 

20 P3.2/IRTD 

21 NC 

22 NC 

23 P3.3/INTT 

24 P3.4/T0 

25 P3.5/T1 

26 P3.6/WR 

27 P3.7/nD 

28 NC 

29 NC 

30 NC 

31 XTAL2 

32 XTAL1 

33 1C 


38 P2.(yA08 

39 P2.1/A09 

40 P2.2/A10 


Pin Function 

41 P2.3/A11 

42 P2.4/A12 

43 NC 

44 NC 

45 P2.5/A13 

46 P2.e/A14 

47 P2.7/A15 

48 P5ER 

49 ALE/PRDG 

50 EM/pp 

51 P0.7/AD7 

52 P0.6/AD6 

53 P0.5/AD5 

54 P0.4/AD4 

55 P0.3/AD3 

56 P0.2/AD2 

57 P0.1/AD1 



Function 

P5.0/ADC0 

Vdo 

STADC 

PWMO 

PWM1 

EW 

P4.0/CMSR0 

P4.1/CMRS1 

P4.2CMSR2 

P4.3/CMSR3 

P4.4/CMSR4 

P4.5/CMSR5 

P4.6/CMT0 


Pin Function 

35 Vss 

36 P2.0/A08 

37 P2.1/A09 

38 P2.2/A10 

39 P2.3/A11 

40 P2.4/A12 

41 P2.5/A13 

42 P2.6/A14 

43 P2.7/A15 

44 P5ER 

45 ALE/P HOG 

46 EATVpp 

47 P0.7//VD7 


rU.U/ML-AJ 

AVref- 

14 

P4.7/CMT1 

48 

P0.6/AD6 

AVref+ 

15 

RST 

49 

P0.5/AD5 

AVss 

16 

P1.0/CT0I/INT2 

50 

P0.4/AD4 

NC 

17 

P1.1/CT1I/INT3 

51 

P0.3/AD3 

avdd 

18 

P1.2/CT2I/INT4 

52 

P0.2/AD2 

P5.7/ADC7 

19 

P1.3/CT3I/1NT5 

53 

P0.1/AD1 

P5.6/ADC6 

20 

P1.4/T2 

54 

PO.O/ADO 

P5.5/ADC5 

21 

P1.5/RT2 

55 

REF 

P5.4/ADC4 

22 

CVss 

56 

CRX1 

P5.3/ADC3 





P5.2/ADC2 

23 

P1.6/CTX0 

57 

CRXO 

P5.1/ADC1 

24 

P1.7/CTX1 

58 

AVref- 

P5.0/ADC0 

25 

P3.0/RxD 

59 

AVref+ 

vdd 

26 

P3.1TXD 

60 

AVas 

1C 

27 

P3.2/TNTtJ 

61 

AVdo 

STADC 

28 

P3.3/TNTT 

62 

P5.7/ADC7 

PWMO 1 

29 

P3.4/T0 

63 

P5.6/ADC6 

pwrar 

30 

P3.5/T1 

64 

P5.5/ADC5 

EW 

31 

P3.6AAm 

65 

P5.4/ADC4 

NC 

32 

P3.7/Rt5 

66 

P5.3/ADC3 

NC 

33 

XTAL2 

67 

P5.2/ADC2 


NC X not connected 

1C X internally connected (do not use) 


P1 .6 and P1 .7 have the alternate functions SCL and SDA, respectively, 
on the 80C552/83C552/87C552. 
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Appendix B 


80C575/83C575/87C575 



6 1 40 




Pin Function 

1 NC 

2 T2/P1.0/CMP0+ 

3 T2EX/P1.1/CMP0- 

4 P1.2/ECI 

5 P1.3/CMP0/CEX0 

6 P1.4/CMP1/CEX1 

7 P1.5/CMP2/CEX2 

8 P1.6/CMP3/CEX3 

9 P1.7/CEX4 
10 


14 lNTi[5/P3.2 

15 WrT/P3.3 


18 WFT/P3.6/CMP2+ 

19 RD/P3.7/CMP3+ 

20 XTAL2 


Rn Function 

23 NC 

24 P2.0/A8 

25 P2.1/A9 

26 P2.2/A10 

27 P2.3/A11 

28 P2.4/A12 

29 P2.5/A13 

30 P2.6/A14 

31 P2.7/A15 

32 PSEfI 

33 ALE/PRD5 

34 NC 

35 ERA^pp 


38 P0.5fAD5 

39 P0.4/AD4 


Pin Function 

1 P1.5/CMP2/CEX2 

2 P1.6/CMP3/CEX3 


8 TRTG/P3.2 

9 TNTT/P3.3 

10 T0/P3.4/CM PR- 

11 T1/P3.5/CMP1 + 

12 WFI/P3.6/CMP2+ 

13 RD/P3.7/CMP3+ 


20 P2.2/A10 

21 P2.3/A1 1 

22 P2.4/A12 


24 P2.6/A14 

25 P2.7/A15 

26 pse^ 

27 ALE/PRDG 

28 NC 

29 EA/Vpp 


33 P0-4/AD4 

34 P0.3/AD3 

35 P0.2/AD2 


40 T2/P1.0/CMP0+ 

41 T2EX/P1.1/CMP0- 


43 P1.3/CMP0/CEX0 

44 P1.4/CMP1 
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83C751/87C751 


83C752/87C752 


Appendix B 


P0.2/Vpp 



19 Pl.6/IFnT/D6 



Pin Function 

1 P3.4/A4 

2 P3.3/A3 

3 P3.2/A2/A10 

4 P3.1/A1/A9 

5 N.C. 

6 P3.0/A0/A8 

7 P0.2A/pp 

8 P0.1/SDA/OE-PGM 

9 PO.O/SCUASEL 

10 N.C. 

11 RST 


15 P1.0/D0 

16 PI. 1/DI 

17 P1.2/D2 

18 P1.3/D3 

19 P1.4/D4 

20 P1.5/TRTtJ/D5 

21 N.C. 

22 N.C. 

23 P1.6/TNTT/D6 

24 P1.7/T0/D7 

25 P3.7/A7 

26 P3.6/A6 

27 P3.5/A5 


P0.2A/pp [£ 



Pin Function 

1 P3.4/A4 

2 P3.3/A3 

3 P3.2/A2/A10 

4 P3.1/A1/A9 

5 P3.0/A0/A8 

6 P0.2A/pp 

7 P0.1/SDA/OE-PGM 

8 PO.O/SCL/ASEL 

9 RST 

10 X2 

11 XI 

12 Vss 

13 P1.0/ADC0/D0 

14 P1.1/ADC1/D1 


21 pi.6/iKnrT/D6 



Pin Function 

15 P1.2/ADC2/D2 

16 P1.3/ADC3/D3 

17 P1.4/ADC4/D4 

18 AVss 

19 AVcc 

20 P1.5 /1MTS/ D5 

21 P1.6/inTT/D6 

22 P1.7/T0/D7 

23 P0.3 

24 P0.4/PWM OUT 

25 P3.7/A7 

26 P3.6/A6 

27 P3.5/A5 

28 Vcc 
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80CL32/80CL52, 83CL411, 83CL781 V83CL782* 


Appendix B 


INT3/T2EX P1.1 


TxD/cIock P3.1 


DUAL LZ 
IN-LINE ^ ^ 



iiili SnoS 


Pl.6/tNT8 |T 
P1.7/INT9 [± 
RST jio 
P3.0/RXD (iT 

Nc lii 

P3.1/TXD Ol 
P3.24WnJ ji4 
P3.3/INTr 
P3.4/TO Fe 


tiJllsJ ^l2l] 1^12^ H 


^ P0.5/AD5 
37] P0.6/AD6 
^ P0.7/AD7 
m EA 
34l NC 


83CL580 



P1 .6 and P1 .7 have the alternate functions SCL and SDA, respectively, on the 83CL781 and 83CL782. 
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